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CHAPTER I INTRODUCTION 
A. Purpose 
The purpose of this thesis will be to evaluate 
the need and uses of electronic data process ing centers 
i n the electrical product s industry. It will deal with the 
business applic a tion of these centers and not their 
technical aspects. 
Much progress has been made in the field of 
automation of production, but only within the past few 
y ears has the concept of aut omation been thought of in 
terms of office application. In office operations, unlike 
factory operations, information or data is the basic material 
handled. This information or data can be in many diff erent 
forms such as sales, accounts receivable, accounts p ayable, 
inventories, payrolls, requisitions, and so forth, but it 
is s till information or data that mana gement needs to control 
and regulate their business . As busines s has incr~ased, it 
is only natural that the amount of information or dat a to 
be process ed has increased and also become more comp lex in 
many instances. Under conventional methods of handling data 
in the office, this increase h a s meant a greater d emand for 
clerical help, and in most c a s e s has increased the p ercentage 
ratio of clerical helpers to production workers thus increas-
ing administra tive expenses more and more. This aspect will 
be treated in gre a ter d e t ail in Chapter II. 
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Another significant factor is that management 
often receives reports that are not completely up to date, 
mak ing it necessary for them to base decisions on facts 
that do not reflect true conditions. There is also much 
information that would aid mana gement in making decisions, 
but due to the complexity in compiling it and the time it 
would take to obtain it, it is not feasible for management 
to use this information. Through automation it is hoped 
to: (1) decrease clerical expense; (2) give more up-to-
date information to manag ement; and ( 3) give management 
information which it does not have acess to at the present 
time. 
B. Definition 
Automation can be defined as any continuous and 
integrated operation of a rationalized production system 
which uses electronics or other equipment to regulate and 
coordinate the quality and quantity of production. This 
definition of automation can best be explained by examining 
the four major principles which underlie the concep t of 
automa tion. These four princip les are: (1) mechanization; 
(2) f e edback; ( 3 ) continuous process; and ( ~ ) rationalization. 
The first princip le, mechanization, means t he use 
of machinery to p erform work. In terms of off ice automation 
this would apply to the electronic computer which can perform 
many office procedures that were previously done by clerical 
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help. The second principle, feedback, is the concept of 
control whereby the imput of a machine is regulated b y the 
output so that the output meets the conditions of a pre-
determined objective. A machine which can be controlled 
by t h is princip le of feedback can start, stop , and regulate 
quality and quantity automatically. The third principle of 
automation, continuous flow or process, is synonymous with 
today 1 s conception of mass production. In terms of auto-
matic data processing , it imp lies a continuous flow of 
information which the electronic computers can act on. 
Through this continuous flow of information, manag ement will 
have much more knowledge on which to base their decisions. 
Rationalization, the last principle, means the applic a tion 
of reason to the solution of p roblems or to the search for 
knowledge. It is through rati onalization that the diff erent 
aspects of office procedures can be analyzed and method s 
derived by which that procedure can be done through electronic 
dat a p rocessing machines. Another significant contribution 
that can be attained through rationalization is the analyzing 
of the diff erent t ypes of off ice systems so that much needed 
inf ormation can be obtained which could not he previously. 
C. Scope 
This theses will be concerned with this new concept 
of automation in office procedures and its a pplication to 
the elec t rical products industry. To bet t er eva luate t h is 
8. 
new concept and its app lications, this thesis will be in 
three major sections. The first section will be an analysis 
of what electronic data processing actually is, the diff erent 
types of computers available, and the different aspects of 
business that these computers can be applied to. 
The second section will be an evaluation of the 
electronic data processing centers of the Sylvania Electric 
Comp any, Camillus, New York, and the Major Appliance Division 
of the General Electric Company, Appliance Park, Kentucky. 
Both of these companies were pioneers in the use of large 
scale ele ctronic data processing computers. The Univac I 
installation at Apy liance Park, Kentucky, was the first 
installation of its kind to be used by industry. The 
Sylvania Electric Comp any was the first comp any to build a 
data process ing center which was tied in by teletype with 
every manufacturing plant, warehouse, laboratory, and sales 
office of the company. By evaluating the data processing 
op erations of these two leading companies, it is hoped that 
valuable information will be obtained on electronic data 
processing that can be applied to the electrical products 
industry. In evaluating these two systems, we shall be 
concerned mainly with the basic reasons behind their decision 
to install the computers, the type of feasibility study 
conducted by each comp any, the types of data they are now 
processing through the center, problems they have encountered, 
and future plans they have for their centers. 
9. 
The third section of the thesis will be a summary 
of the findings from the study of these t wo centers with 
recommendations as to how electronic data processing can 
be applied to other companies in the electrical products 
industry. 
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CHAPTER II THE EVOLUTION OF ELECTRONIC DATA PROCESSI NG 
A. Data Processing ConceEt 
Data processing can be define d as the paper work 
or flow of information neces s ary to manufacture and distribute 
g oods and services. This flow of information includes not 
only what we normally consider in the functions of account-
ing , but all the clerical functions tha t are necessary in 
the other facets of business, such as sales, inventory con-
trol, production scheduling , and so forth. In technical 
terms, by 11 data" we mean any numeric or alphabetic material, 
thus data p roces s ing is any work performed on alpha-numeric 
material. Since the p roces s ing of t his data is a neces s ary 
but added expense to business, it is only natural that 
methods ar e constantly being devised to minimize this 
expense and at the same time improve the n e ces s ary infor-
mation. Integrated and electronic data p roces s ing are the 
means by which busines s hopes to be able to decrease i t s 
clerical expense and also obtain more information than it 
was able to previously. Electronic data p rocessing is the 
ultimate at the present time for the automatic handling of 
information. 
Information is acted on in a number of basic ways; 
arithmetically, s orting , collating , and filing . Electronic 
compu t ers can perform all of these functions at unheard of 
spe eds and process volumes of data in a relatively short 
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interva l of time. Electronic data processing computers are 
t he means b y which business may be able to automat e i ts office 
in the same manner a s it has done in the factory, the basic 
difference being that information, rather than material is 
the object being produced. This new field of automation in 
the office h a s made it necessary for business to chang e its 
whole concept of data processing in order to effectively use 
t h is new tool. Not only must business think in t erms of 
continuous flow of information, feedback, and control that 
are necessary to eff ectively utilize the computer, but must 
a lso think in terms of the ramifications that this new tool 
will have on its present organizations, systems, and procedures. 
Electronic data processing computers can act as centra lized 
service centers for information and as such will perform 
much of the clerical work previously done at the dep art-
mental, factory, or divisional level. This will have t wo 
significant impacts: (a) mana g ement will be relieved from 
much of its routine clerical supervision and have more time 
t o devote to the operation for which i t is charg ed; and 
(b) it will mean a complete revaluat;ion in terms of organi-
zation, systems, and procedures. When acting on certain 
classes of information, such as p ayrolls, it will have to 
be thought of in terms of its overall effect rather than its 
effect on one department and how it will be used in conjunction 
with other classes of information. By evaluating information 
in terms of it s overall significance, busines s will not only 
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obtain accurate information but also have better information 
on ·,vhich to base its d e cisions. This new concept of data 
processing will also be a great aid to decentralized operations 
as it will g ive top manag ement up-to-date and accurate 
reports on which to control its diversified activities. 
B. Five Steps Leading to the Development 
of Electronic Data Processing 
Electronic data processing is the progression of 
a number of steps that have be en taking in the field of 
data processing. Without these basic steps it would not 
be possible to have electronic data processing as we have 
it today. 
1. Simplification - This implies the breaking do~m of 
information into its basic components or elements so that 
it could be acted on more easily, even though done manually. 
It is very synonymous to industry where one of the first 
step s taken in scientific management is the simplifica tion 
of the difference work activities into its basic components. 
In data processing, simplification means the basic elements 
into which all data processing problems involve. Regard-
less of how the information is handled, these are the basic 
functions that have to be performed. 
(a) Classification - Before information can be 
acted on, it must first be classified so that we can know 
just how to handle it as it g oes through the rest of the 
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process. This clas s ification is normally done through a 
system of codes, some of the common ones being; (1) Alpha-
numeric codes - has ease of numerical filing plus the 
advantage of alphabetic references; (2) Soundex code - the 
app lication of a numerical code to alphabetic words a s they 
sound rather than as they are spelled; (3) ~mmnonic codes 
used where it is desirable to have some indication of the 
meaning of the code; ( 4 ) Significant digit code -us ed in 
charts of accounts; and (5) Decimal codes. 
(b) Sorting - The arrang ement of data in an orderly 
fashion usually falls into two general types; (1) sorting 
to sequence and (2) sorting to obtain a distribution. 
(c) Calculation - The h.andling of the ma thematical 
aspects of data proces s ing; adding, subtracting, dividing , 
and multiplying. 
(d) Summarizing - Gathering the data acted on 
into an orderly fashion. Summaries are usually in the form 
of the totals of expenses, sales, and so forth, but can also 
be in the form of control totals to insure subsequent work 
is done accurately ana completely. 
(e) Recording - This function not only includes 
the actual writing or recording of the finished data but 
also includes the reproducing or transcribing of the original 
document and the neces s ary filing . 
2. Mechanization - The second stage in the develop-
ment of elect ronic data processing was in the field of 
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mechanization. The first mac h ines could only perform some 
of the calculations of the data p rocessing and were compara-
tively simp le, such as the adding machine. 
3. Combination of Functions - With the advent of 
mechanization, the next step was in the development of 
machines that could perform more than one of the basic 
functions. Some of these machines, such as the adding 
machine or the printing calculator, could only perform t wo 
functions while others, such a s the Proof Machine and the 
Window Posting Machine, could perform as many as four functions. 
4. Common Langu age - Through the advent of punched 
cards and paper tape, a means for a common languag e of infor-
mation was devised. This introduced compatability to a 
wide range of machinery whereby information in the form of 
a punched card or paper tap e c ould be introduced into v arious 
machines without any change in the form of the information. 
A very g ood examp le of the u s e of the common languag e prin-
ciple in business in the I.B.M. card processing system. 
I n t h is system, which utilizes the punched card, information 
is punched on the cards through the use of a Key Punch 
Machine - 026. Once the information is on the punched cards, 
the cards are the means of common language and can be proces s ed 
through various other machines that perform the basic steps 
in data processing . This group of machines consi s ts of: 
(a) the I.B. M. 82 Sorter which will arrang e the cards in 
similar class ifications, each clas s ification being arranged 
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in numerical or alphabetic sequence; (b) the I.B.M. 4 02 
Accounting Machine which will prepare repots and records 
directly from the cards and can read eighty column cards, 
position forms, record details, add or subtract, and print 
any combination of totals desired; (c) the I.B. M. 77 Collator 
which is used for card filing and selection operation and 
can perform the following operations - pull or file cards 
automatically, interfile cards in sequence, substitute new 
cards for old, select predetermined cards in random sequence; 
merge master and detail cards, and separate matched and 
unmatched cards; (d) the I.B.M. 514 Reproducing Punch 
Machine which is responsible for making duplicate cards 
when needed and can also be used for gang punching large 
volumes of repetitive data; and (e) the I.B. M. Interpreter 
which is used to read cards and put them in any location 
desired. From the general description of the I.B. M. Card 
Processing System, it can be seen that through the use of 
the punched c aras, compatability of machines was achieved. 
Once the information was put in the form of a common language, 
any of the five basic st.eps of data p rocessing could be 
achieved without changing the data. 
5. Electronic Data Processing - The fifth and final 
stage in the line of development of data proc essing came 
with the introduction of electronic computers for business 
purposes. The new basic principles that were introduced 
with the electronic computer were; (a) intercommunication 
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and (b) rapid processing of data. For the first time 
industry had a machine that could s tore raw material and 
information to be a c ted on, process instructions, and 
perform all the basic steps involved in data p roces sing 
at a very high rate o f speed. 
C. Historical Development of 
Electronic Data Processing 
To help g ive a better understanding of the 
development of data proces s ing computers, this section 
will outline a brief description of their historical growth. 
The firs t step ta..~en in the development of the computer can 
be tra ced back a long time before Christianity. The first 
device, the Abacus or counting frame, could be classified 
as a manual type calculator. Although very simple in 
s t ructure, it was still the fir s t known device that could 
be used for making calculations. It was not unt il the 
beginning of the seventeenth century, however, that the 
next step a~?peared. In thi s period, John Napier, a Scots-
man , devised a sys t em of numbering rods as an aid to 
multiplic a tion and also discovered logarithms which were 
essentia l in the development of the slide rule. Napier's 
numbering rods, kno\vn as Napier 1 s "bone," were an elementary 
aid to d i gital calculations and the slide rule was the 
earliest ana logue device. 
The first successful mechani~ation of counting 
was achieved in 164 2 by Blaire Pascal, a Fr enchman. His 
machine consisted of a number of wheels with numbers around 
them, the first wheel having units; the second, tens; the 
third hundreds; and so f orth. The machine was a simple 
hand operated device that worked on the same princip l e as 
our modern revolution counters and even cont ained a means 
of making a "c ar r y over" used in add ing numbers together 
in an automatic process. This simple device was improved 
on by Leibnity in 1671. Leibnity was t he fir s t one to 
ac tually embody multiplying numbers by s u ccessive additions 
in a machine. From thi s , a variety of machine s began appear-
ing , all using the idea of wh e els moving around in steps. 
I n the nineteenth century, a number of commercial mode ls 
were introduced; Burkhardt in Germany; Adhner in Sweden; 
and Burroughs in America. These machines were very limited 
in sc ope and were restricted b y the speed of the opera tor . 
The next major contribution came from Charles 
Babbage, a nineteenth century Cambridg e mathematician . 
Mr . Babb a ge, through his work in the des-i gn of an 11 ana lytic a l 
engine,n laid d own the princip le s of our modern computers 
in mechanieal form. This 11 analytica l engine" had the follo w-
ing significant fe a tures which are used in today's comput ers: 
( a ) The ma ,ch ine was to be fed numbers by a system of holes 
punched in c ards; (b) The r esults were to be p r esented by 
a mechanism which would s et the numerals in type ready for 
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printing ; and (c) The "engine" was to be cap able of deciding 
on a course of action in the light of partial results obtained. 
Babbage was unable to complete his machine probably due to 
the lack of el ec t rical and electronic techniques. 
About the same time that Babbag e was working on 
his 11 analytical engine," Georg e Brooks was pioneering in 
the science of symbolic logic. Symbolic logic is the use 
of symbols to represent ideas and to manipulate them in a 
kind of algebra to p roduce answers to logical problems. 
This new science is very neces s ary in the operation of 
today's computers. The science of logic was further 
developed in 1866 when W. S. Jevons conceived the i d ea of 
the "logical abacus.n Using wooden table t s, each inscribed 
with the symbols for a particular statement or proposition 
which could be moved about in a frame and manipulated by a 
keyboard and a pparatus, a machine for solving logical 
problems was produced. 
Another significant development came in 1889 when 
Dr. Herman Hollerith used the idea of punched cards to make 
a device for s orting. This sorting device formed the basis 
of the punched card machines used today. The cards used by 
both Babbage and Dr. Hollerith were invented b y Jacquard, 
A Frenchman, in 1790 for controlling complex loom op e r a tions. 
All during this early period, much work was being 
done which aided in the development of analogue computers. 
In 1654 Robert Bissaker made the first genuine slide rule. 
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From then until the electron ic era , other devices using 
mechanical means were devised. Included were devices such 
a s sys tems based on ba lancing of weights or water levels 
i n connecting vessels used for solving equations, the inter-
gr aph f or working out differentia l e qu a tions, and the p l ani-
meter for calcul ating area around mach ines. Lord Kelvin 
invented a device for predicting tides, and a machine for 
solving any number of linear simultaneous e qu ations. In 
1888 Felix Lucas worke d e quations by electrostatic and 
e lect romagnetic methods. Arthur Wright in 1909 devised a 
system for adding and subtracting based on the laws by 
which resistance combine in series and p arallel. A 
diff erential analyser which solved differential equa tions 
was develope d in the mid 1 920's by V. Bush. 
In the field of digital computers, however, very 
little was done in the seventy y ears following the death of 
Babbag e. Considerab l e work was done, however, on s p ecial 
purp ose calculating machines and comp anies such a s Burroughs, 
Reming ton Rand, Somas, and Interna tional Business Machine 
were formed fo r t heir development and distribution. 
The big development in analo gue computers came 
during World War II. This was brou gh -G about due to the need 
for instantaneous calculations for the solving of balistic 
p roblems for aiming guns, bombs, and other p rojectiles. 
During this p eri od several s p ecial purp ose analogue computers 
were d evelop ed to solve problems. About this same time, 1937, 
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Howard Aiker in conjunction with the International Business 
Machine Company develop ed and constru cted an Automatic 
Se quence Controlled Calculator, a mechanical computer which 
was follo wed by a more elaborate version using ele c t ro-
magnetic relays. Bell Lab oratories also began to explore 
the p os s ibility of using relays for computing at this time. 
It was not until World War II that the us e of electronic 
relays using valves came about. 
The electronic computers developed during the 
war were designed for scientific purposes and it was not 
until after the war that computers began appearing for 
business purp oses. Some of the more famous compu t ers are 
Remington Rand's Univac I and II; International Business 
Machine Company's the 650, 702, and 705; Radio Corp oration 
of America's Bizmac; end the Minneapolis-Honeywell Datamatic. 
D. ~ Economic Evaluation 
of Data Processing 
The electronic computers being utilized by business 
today derive their sole being from the p urpose of proces s ing 
data. Therefore, in order to understand why there is a need 
for such computers, it is neces s ary to understand the economic 
factors tha t h ave caused data processing to become so complex 
and vast in today's economy. To understand better the growth 
of data processing in our economy, data processing will be 
analyzed from t wo points of view: (1) the Macroeconomic 
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level - an evaluation of the aggregate economic activities 
of t he nation and (2) the Microeconomic level - the 
activities of the individual firms. 
1. The Macroeconomic level - From the long range point 
of viev,r, there are a number of functions and structures that 
chang e our economy. Several of these long run changes effect 
and accelerat e the volume of data processing. 
(a) Secular trends - The long term growth of 
certain basic variables ef f ect the volume of data proces s -
ing: (1) Population - This has grown from a pproximately 123 
million in 1930 to approximately 170 million in 1957. By 
1960 it is estimated to be 180 million.* (2) Increase in 
Per Cap ita Income - Through the advent of t h e Indus t rial 
Age, total output has not only kept pace with population 
grmvth but has increased by 60%. ** This increase in the 
standard of living , through an i n cre a se in the output p e r 
capita, will tend to increase the amount of data processing. 
(b) Structural changes - This r e f ers to the chang es 
and rearranging of major segments of the economy in terms 
of their relative importance in the system through the 
introduction of new activities and the abandonment of older 
forms of activities. This count r y has shifted from an 
agricultural economy to an industrial economy and within 
the industrial economy from g ood s p roducing to service 
producing activities . This in turn has caused major shifts 
* 
** 
15, p. 18 
15, P. 18 
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in t h e t~~e of l abor f orce, s ize of the business unit, and 
in the techniques of production . All these factors h ave 
had a great effect on increasing the amount of data to be 
processed. 
(c) Complexity - As industry h as gr own in the 
last decades, it has al so become much more complex. In 
order properly t o regulate and control these new complex 
industries, extensive amounts of inter-firm and firm-
governmental data processing has been generated. 
(d) Increased Regulation and Control - During the 
last fifty years, a nmnber of legislative acts have been 
p assed of social and economic importance. Among some of 
the more imp ortant ones are: (l) the Social Security Act; 
(2) Unemployment Compensat ion; (3) Fed eral Reserve System; 
(4) Wage and Hour laws; and (5) the Interstate Commerce 
Commission. While these acts of leg islation have imp roved 
the economy of the nation, they have increased considerably 
the amount of records that have to be kept not only at the 
business level but also on the federal, state, and local 
level as well . 
On a more specific basis, the effect of these 
long range changes in the economy on data p rocessing can 
be expressed in a number of ways: (1) A significant shift 
in the comp osition of the labor force. The percentag e of 
while collar workers has been steadily increasing. In 1950 
white collar occupat ions accounted for 21 million or 37% of 
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the labor force . This has meant an increase of 162% from 
the period 1 910 to 1950 a s compared with an increase of 
only 73% for non-farm manual workers.* Since clerical 
wor kers basically handle data processing in one form or 
another, it can be seen how much it has generated in this 
relatively short period. (2) A change in the si ze of 
busines s units in the economy. In 1951 there were four 
million business unit s in op eration in this country. Of 
these, 1% employed approximately 600;6 of all workers. This 
high concentration of employment in a relatively few large 
firms has called for an additional and extensive management 
and adminis t rative control and involves a large amount of 
data processing on the intra-firm level. 
2. The Microeconomic level - Since data is normally 
processed by clerical help, this section will deal with an 
appraisal of the cost of clerical help as comp ared with the 
cost involved with electronic computers. Clerical help is 
considered as a variable cost item but unlike the cost of 
production workers, it shows a different pattern of varia-
bility. A minimum clerical staff is normally required 
r egardless of output. As production increases, add itional 
clerical help is not re quired as the additional work load 
can be absorbed by the present staff. Th is means that cost 
per unit of output will decrease up to a certain point. 
After a certain level of work is reached, however, additional 
* 15' p. 18 
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help will be required and cost will keep up with production 
to give the same proportional results. After reaching a 
certain level, however, the addition of more clerks will 
make the cost rise sharply. This diminishing return p roblem 
is esp ecially true in companies that are basically paper 
p roces s ors such as insurance, banks, and commercial credit 
orgru~izations. Additional clerks will normally become 
necessary when: (1) the number of customers increases; 
(2) the firms'output is diversified; (3) additional rep orts, 
inter-firm and government, are required; and (4) when the 
firm expands. 
~Vhen a firm installs a computer, the clerical 
variable cost is changed for a fixe d cost - the computer. 
The computer is a fixed cost that can be amortized over a 
given period of time. Since the total fixed cost is constant 
relative to output, average fixed cost - fixed cost per unit 
of output - will decrease as output increases. The gr e ater 
the output the lower the cost per unit of output. With 
electronic data processing, additional work can be p erformed 
when needed without any additional clerical help. In addition 
to t h is element of fixed cost, electronic computers also 
offer the advantages of speed, versatility, availability, 
and the possibility of making new types of information 
available. 
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CHPYTER III ELECTRONIC DATA PROCESSTI~G COiillPUTERS 
A. Theor;z 
Many p eople have -the mistaken impression that the 
electronic computer is a "giant brain" that can p erform 
many credulous feats entirely by itself. Actually, the 
electronic computer is nothing more than a very high speed 
computer utilizing ele ctronic tubes and circuits to p erform 
logical decisions and calculations. The computer, however, 
is only as good as the personnel operating it and can only 
do what they instruct it to do. The electronic computer 
cannot think for itself and h a s to rely on information and 
a set of instructions called a p rogram to operate. Here 
a gain, the computer will function only if the instructions 
and information to b e acted on are set u p properly. The 
electronic computer operates on a system of electronic 
pulses which have been coded usually by a binary sys tem of 
mathematics. These electronic pulses once coded -can carry 
eith alphabetic characters of digital units. The common 
systems used in coding computers are: (1) the Pure Binary 
method; (2) the 5c2 method; (3) the xs3 method; and (4) the 
Bi-Quinary method. The computers can handle this information 
only in a limited number of ways: it can recognize "yes" 
or "no" by comparing two sets of factors - are they equal 
of not; and it can p erform the basic calculations - add, 
subtract, divide, and multiply. It is only through the 
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proper ins t ructing or p rogr aming of the electronic computer 
that it can be used so effectively. 
To better understand how the computer operates, 
it is necessary to analyze it in terms of its five functional 
parts: (1) input devices; (2) storage or memory devices; 
(3) arithmetical and logical section; (~) output devices ; 
and (5) control section. These five functional parts of 
the computer are all interconnected and any operation can 
be performed continuously on one computer. This is one of 
the main differences betwe en this system and the card 
p rocessin g system, such as the I .B. M. installation, where 
the i n f ormation has to be transferred from one machine to 
the next in order t o p erform the various data p roces s ing 
operations . s torage 
input I 1---- --:.; 
l' 
control ... output 
I 
arithlogic 
In general terms, . the control section which can 
be both internal and external is used to regula te the computer 
and to stop and start it. Information and the inst ructions 
are introduced into the computer through input d evices and 
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are then stored in t;he computer in storage devices. The 
instruction or program tells the machine what to do with 
this inf ormation, and the actual comparisons or calculations 
are usually done in the arithlogic section. After the infor-
mation has been proces s ed, it can be temp orarily stored 
within the computer or can be emitted through output 
devices. This is a very general description of how the 
computer wor ks but it will be explained in greater detail 
in the next section. 
B. The Five Functional Parts of the 
Elec t ronic Data :f?rocess i ng Computer 
1. Input devices - Information and the instructions 
can be introduced into the computer in a number of ways, 
the more common methods being: (a) punched cards; (b) 
perforated pap er tape; and (c) magnetic tape. Al l these 
methods are common language devices. Onoe the data to be 
proces s ed is translated into one of these forms, it is 
completely compatible with the computer. The .operational 
funct i on of all input devices is the supplying of necessary 
dat·a , under control of the computer, to the machine. The 
computer will determine when it needs the data and how it 
wil l handle it. This dat a. can be of many diffe rent types 
such as billing information, payroll information, invento~ 
information, and insurance premiums . Since the s p e ed and 
output of the computer depends on the availability o:f data 
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and instructions, t he t ype of input device u s ed is of 
great imp ortance . 
In evaluating the three basic types of input 
devices, there are a number of f actors that have to be 
considered . The first one of t he f a ctors is t he compact-
nes s of data or how much data can be stored within a g iven 
area . As a rule the eighty column punched card will re quire 
more space than either the perforated tape or the magnetic 
tape. The amount of data that can be vrri t t en on a magnetic 
tap e will depend on the system being used. For comparative 
purp oses, the space required on typical magnetic tape as 
compared with the othe r two devices is a s follows:* 
Magnetic t ape characters p er s quare inch - 400 
Perforated tape characters per square inch -
Punched tape chara cters p er square inch -
10 
3.8 
From the above illustration it can be seem how 
much more information can be stored on magnetic tape as 
compared with the other inp ut devices. 
The next factor to be considered is the speed 
of data reading and writing or how fast can the information 
be introduce.d into the computer. In evalua ting the magnetic 
tape, the speed tha t data can be introduced will depend on 
two f a ctors: (1) the spe ed or movement of the tap e into the 
computer. This can range from 30 to 150 inches p er second 
depending on the system. (2) the density of the information 
* 1, p. 40 
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on the t ape . This can vary from 20 to 500 charac ters per 
inch. Translated into more common language, if a magnetic 
tape has a s peed of movement of 60 inches per sec ond and a 
density of 100 characters per inch, the computer will be 
able to r ead in 6,000 character per second or 360,000 per 
minute. By comparison, perf orated tape is much slower than 
the magnetic tape but f a ster than punched cards for reading 
and slower for writing. Speed characteristics of the three 
media can be summarized as follows :* 
Magnetic tape Perforated tane Punched cards 
Read Write Read Wri t e Read Nrite 
Typical Speed# 15,000 15,000 400 60 270 135 
The third factor to be considered is the cost of 
the three devices. As a rule, magnetic tape is the more 
costly of the three devices with p erforated tape being 
second and punched cards the least exp ensive. 
The fourth factor to be considered is the unit 
record features or how easy is it to add or delete informa-
tion once it is in the common languag e form. For punched 
cards it is relatively simple to pull cards and either delete 
them or put new information on another card. In the case of 
paper tape, it is necessary to remove the information from 
he t ape and then repatch it. With magnetic tape, it is 
necessary to program the tape to shift or rearrange the data. 
If random acces s to the information is required, it is almost 
# 
* 
Speed in characters per second 
l' p. 14 
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impos s ible to do so with magnetic tape or punched paper 
tape. As more efficient random access memories are developed, 
however, this problem will become l ess important. 
A fif th and important factor to be considered is 
the auditability and legality of the various types of input 
devices. Punched cards have been proven as far as audits 
are ~ concerned but there is still doubt as to the use of 
ma~netic and p aper tapes as permanent legal records. A big 
advantage of the magnetic tape device is the sixth factor 
that has to be considered, that of record length. Informa-
tion on magnetic tape is very compact and there is no definite 
length for the tape; therefore, very larger amounts of data 
can be filed in a relatively small space. With t he punched 
cards, information is limited to either eighty or ninety 
columns of information per card. This makes it necessary 
to have a large amount of storage space available. 
Which of the three input me thods is best for a 
particular firm depends on the ne eds of the company involved. 
Many computer installations use a combination of two of the 
methods, the information first being stored on punched cards 
and then transferred to magnetic tap e on a card-to-tape 
converter. In addition to these three methods of input, 
it is also possible to use a direct keyboard to introduce 
data into the computer. The main disadvantage to this system 
is that the computer is lim}.ted to the speed of the opera tor. 
Normally the direct keyboard is used as an auxiliary device 
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to f u rnish additional information into the computer if it 
i s ne eded. 
2. Memory or Storage devices - The memory or storage 
devices of t he computer are neces s ary for the storag e of t h e 
following types of data: (a) ins~ructions or comman d s to 
b e used b y the machine; (b) factors, constants, tables, and 
other refe r ence material to be u s ed in the data proces s i ng 
op era tion; (c) storage of input data; (d) storage of inter-
mediate resul t s of the computing and p roc e ssing operation; 
and (e) the final answers which will be re a d out of the 
memory to output devices. 
The op era ting princip le of computer storage device s 
is r e latively simp le. Physically these memory facili t ies 
are like many p i geonholes or cells, each cell being i d entifi ed 
b y an "address number 11 and storing a single word of "dat a ." 
To unders tand bet ter how the memory facili tie.s actually work, 
they can b e comp ared with the function of a mail d esk in a 
p ost off ice. As mail comes in, it is segr egated and stored 
by p u t ting i t in its own main comp artment. Each of t hese 
compartments is iden tified according to the destinat ion of 
the mail in the comp artment. This compares wi t h the r ead-
in function of the computer. As the ma il is called f or, it 
is taken out of its compartmant and delivered. Thi s i s t he 
same as t h e read-out function of the computer. In a computer 
storage device the se compart ment s are ex tremely small and 
ins t e ad of the d a t a bein3 stored in ~~it ten form, it is 
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represented by minute electrical or magnetic charge s. The 
data is read in through the input devices and then read out 
as called for b y the inst ructions. 
In analyzing the different types of storage devices, 
there are a number of factor s that have to be considered : 
(1) capa city of the memory or how much data in the form of 
words can be stored; (2) the acces s speed of the memory 
the time required to transfer data into and out of the memory; 
(3) cost - this is det ermine d usually b y both the size of 
the memory device and its speed or ac cess time; ( L~ ) permanancy 
of the data which has been stored. There are t ;,vo general 
types of memories - volatile and nonvol a tile. In a volatile 
type memory, a loss of power will cause all the information 
stored in the memory to be lost while in a nonvolatile ty-p e 
memory information will not be eff ected if the computer is 
turned off; and (5) the comp lexity of the p rogram ins t ructions 
for cont rolling the memory. The more complex a computer is, 
the more inst ructions the computer will have to have to 
enable i t to p erform more involved op erations. A simple 
computer will be restricted to elementary "read into memory" 
and nre ad out of memoryn commands , while in a comp lex 
computer instructions mi ght include such op erations as 
transferring whole "blocks" of data with a sing l e command . 
There are a number of different storage or memory 
devices tha t are used in computer s today, some of these 
being external devices and some being internal devices. 
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Ex ternal storage devices a r e used in conjunc t ion wi th internal 
ones, the i dea being to keep the internal memury as small as 
p os s ibl e . I n this manner, a limited amount of information 
i s furnished the computer to b e proc essed . As t he data is 
proces sed , ad d i tional information is furnished the c omp u ter 
f rom the external storage device. The more common types of 
stor a g e or memory devices are : 
(a) Tape .Storage - Both magnetic tapes and paper 
tap es are use d as ext ernal storage devices. These are v ery 
effective auxiliary storag e devices as a l arge volume of 
dat a can be stored in a relatively small space. These tap es 
can either furnish information directly t o the internal 
stora ge device or to buffer storag e devices. By using buffer 
storage devices, the computer can be processing data from 
one stor age buffer while information is being furnished 
another one. In this way no time is lost by the compu ter 
wh i l e waiting for information on which to act. 
(b) Magnetic Drum .Storag e - This is one of the 
more common forms of intern a l storage devices . Ba sically, 
the magnetic drma is a rapidly rot a ting c y linder continuously 
driven by a motor. This drum is made of a nonmagn e tic materia l 
such as aluminum and i s coated with a s urfa ce that can be 
easily magn e tized. Mounted around the outside of the drum 
are many heads which can either read to or v<Tri te on the drum 
by e ither magnetizing small s po t s on the drum surfac e or 
detecting sp ots a lready there. Each one of these s p ots is 
called a nbit 11 or the smallest unit of intellig ence . A 
number of bits made b y a single head i s c a lled a "trac k . 11 
Several tracks used for a common purp ose are c al led a 
b and . As an example, four adjacent trac k s could be used 
for redording the pat t ern of four coded bits neces s ary to 
identify a binary system code. The principle advantages 
of the magnetic drum are: (1) it is an economical storage 
device; (2) it requires litt le maintenance; and (3) it is 
compact and nonvolatile. The major disadvantages are: (1) 
it has slow acces s time compared with other device s and 
(2) it is mechanic a l in construction and is sub ject to 
wear and maintenance requirements. 
(c) Acoustical Delay Line Memory - Acoustical 
dela y line memory sys tems are hollow cylinders filled with 
a mate rial, usually mercury, which physically will transmit 
sound pulses from one end of the tank to the other end. 
Crystals are mounted on both ends of the tank - a t one end 
to introduce pulses and at the other end to receive them. 
Pulses t r avel from the input cry stal to the receiving 
crystal through the mercury in the same manner as a wave 
will travel acros s a lruce when a stone is throvvn into it. 
When pulses of electricity are apolied to the crystal, the 
crystal phsically distorts introducing a disturbance into 
the mercury which travels to the other end of the tank 'Nhere 
it is p icked u p by the receiving crystal. The receiving 
crrystal is distorted by the d isturbance andputs out a small 
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pulse of e lec t ricity which is amplified, shaped, and then 
reapplied to the input crystal. Thus there is a constant 
circulating chain of pulses maintained in the mercury. A 
good example of the acoustical delay line is found in the 
Univac I computer. This computer has 1,000 words of high 
speed acoustical memory, each word consisting of eleven 
numbers with an algebraic sign. The memory has a total of 
ten individual channels, introduction and receiving crysta ls, 
with a total of 100 circulating words in each channel. In 
summa tion, the principle advantages of the acoustical delay 
lines are: (1) they have high speed access and (2) they 
are fairly reliable. The disadvantages for this typ e of 
memory usually outweigh its advantages, howeveF:, for it 
is fairly large in size, h a s a limited amount of s t orage, 
is volatile, expensive, and requires good temperature 
control. 
(d) Electrostatic Memory System - This memory 
system utilizes a cathode ray tube in the same manner as 
television sets. Due to its complexity and many d isad-
vantage s, it is not used very much today. The main 
disadvantages to this system are: (1) it has high mainten-
ance re quirements; (2) requires air conditioning ; (3) has 
a limited storag e space avail able; (4) is extremely volatile; 
and (5) is very expensive. The only advantage this system 
off ers is its high speed access time. 
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( e ) Magn e tic Core Memory - The ma gnetic core 
memor y i s one of the most highly used inte r nal stora g e 
devi ces. This s torag e device i s made u p of a numb er of 
f eri t e cores, tiny d oughnut shaped ring s of a ma.t e r i a l, 
which can be magn e tize d in a special way by applying curren t 
at specific rates. Once the core is magnetized, i t will 
remain in that condition for an indefinite p eriod of time 
until the magnetic core is eff ected b y a nev:r elec t rica l 
pulse. These ma gnetic core s are strung on wires, e a ch core 
h aving three wires going through i t, one vertica l, one 
horizont al, and one diagona l. The entire as s embly is 
mounted in a frame called a p lane and it will normally t ake 
seve r a l p lanes to make up the bit s which code e a c h character. 
The major features which make this type of storage s y s t em 
so a dvantageous are its hi gh a ccess speed and g ood r e lia -
bility. In add ition t o this, the magn etic core i s fairly 
compact and nonvolatile. 
3. Arithmetical and Logical Section - This s ection 
c a n b e thought of as t he he art of the computer f or it is 
within this section tha t all calcul ations and logical decisions 
are made. To try t o explain in detail the t ec hnica l a spects 
of how the arithlogic s ection functions would eas ily be the 
subject of an entire text; therefore, this section will only 
outline the gene r a l princip l e s upon which it O) era tes. 
Electronic compu t ers ar e cont rolled b y pulses of e l e c t ricity 
utilizing v a c uum tubes as s wi t ches . The basic c i rcu it for 
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the computer uses two tubes, one f or conducting the curr ent 
while t he other tube is shut off. The r e lative p osition 
of the two tubes will chang e whenever an electric pulse 
is directed toward the control grids of the two tubes. The 
tube that was "on" goes off and the one that was "off" g oes 
on. This electronic switching circuit is known as a "flip-
flop" because of the behavior of the tubes in the circuit . 
Electronic counters, gates, and other computer circuits 
can be bu i. J.t by combining a numb er of these ~ 'flip-flops ". 
The real complexity of the computer comes from the controlling 
and timing of these pulses throughout the machine. It must 
be remembered that these computers utilize vacuum tubes f or 
switches and that the average duration of a pulse will 
probably be les s than one millionth of a second. This 
account s for the tremendous sp eeds at wh ich the computer 
can operate. 
It i s through the p roper controlling of these 
pulses, which ar e actually coded numeric and alphabetic 
characters, that the computers can add, divide , subtract, 
and multiply. The instruction or program te lls the computer 
which function is to be perf'ormed and in which memory 
loca tion the data is stored. This dat a is t aken out of 
these memory locations, acted on as c a lled for, and then 
either p rinted as output or r e turned to memory loca tions 
indicated by the p rogram. I n addition to performing these 
arithmetic step s, the computers arithlogic section can a lso 
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be us e d to transfer data within the computer from one memory 
location to another and can be used to shift numbers to 
the right or left a specified number of p laces. The logical 
section of the computer is derived from its ability to 
differentiate from among the following conditions which 
are set up in the arithmetic al section: 
(a) Comparing two quantities t o se e if they are 
equal . This is done by subtracting two quantities and 
seeing if the difference is zero . 
(b) Comp aring two quantities to se e which of the 
t wo is l arger . This is done b y subtracting t wo q_uantities 
and determining whether the difference is positive, negative, 
or zero. 
(c) Recognizing overflow from the h i gh-order 
p osition of the electronic counter. 
The inte rna l operations of the computer are 
controlled by four special re gisters: (1) the se quenc e 
register; (2) the control register; ( 3) t he accumul a tor ; 
and (4) the factor register. The sequence register tells 
the computer which step in the p rogram of instruction to 
perform . The instruction to b e acted on then goes to the 
control register where it is decoded. The control register 
actually reads the ins t r uction and t;hen furnishe s the 
accumulator and factor re gisters with information and the 
data is then p rocessed . Thus the se quence register keeps 
control over which instructions· are to be acted on, the 
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control register r eads the instruction and furnishes the 
accumul a t or and factor r e g i sters the neces s ary d ata , and 
the d a ta i s then a cted upon. This is a v e r y simp l e expl a -
nation of how the computer works . In actuality the computer 
would h ave a numbe r of different types of control reg ist ers 
and be a lot more complex. 
4. Output Devices - Since the basic function of the 
computer is to p roc e s .s data and p rovide man agement with 
rep orts, the output d evices, or mann e r in which the computer 
furnishes its finished data, are very imp ortant. The major 
problem concerned with output devices is s p eed. The computer 
can oper at e at such high speeds that a bottleneck in print-
ing the finished data can easily develop. To help solve 
this problem, two diff erent approaches can be used : (1) 
attaching printing devices directly to the computer and 
(2) using p eripheral equipment to p erform the printing 
functions . 
In the first approach, equipment such as t ype-
writers are connected to the computer. As the computer 
proces s es t he data, it i s automa tically typed in finished 
form. The major disadvantag e to this method is that the 
computer is much f e,ster th::m the output device and is there-
fore restricted. To overcome this disadvantage some compuxers 
utilize a buff er storage for its finished data . The printer 
then obtains information from the buffer storag e rather than 
directly from the computer. As a rule, output devices 
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a ttached to computers are used either a s a uxiliary e quipment 
or for control purposes. 
The more common method of 9rinting the finished 
data is through the use of peripheral e quipment. In t h is 
method, the actual output of the computer is in the same 
form as the input - punched cards, paper tape, or magnetic 
tape . By using the same outpu t devices as were used f or 
input, the speed of the computer is not impa ired. Aft er 
the finished data is on punched cards, paper tape, or 
magnetic tape, it can then be transferred to a high s p eed 
printer to get the information in finished form. The data 
can a lso be converted from magnetic tap e to p unched cards 
or paper tap e through special tape-to-card or tape-to-tap e 
convertors. A further advantag e of this method is that 
information as it comes from the computer is in a very 
comp act medium and large volumes of data can be stored in 
a r e latively small space . In this type of system, it is 
a lso possible to have as many high speed printers and other 
auxiliary e quipment as nece s sary to keep up with the computer. 
5. Computer Control - It can read.ily be seen that t he 
comput er is a very fast and complex machine, and t herefore, 
it is very necessary to control if the desired results are 
to be obtained. There are two general types of computer 
control - inte rnal and external. Internal control refers 
to the self checking f eatures that are built into the 
computer while external refers to controls tha t can be 
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manually maintained. There are three ways b y which the 
computer can be externally controlled: (l) the op era t ors 
cons ole, ( 2 ) maintenance provisions, and (3) checking 
faciliti e s. 
The c-ontrol console is the medium by which the 
computer is started and stop) ed. All the various p arts 
of the computers are electrical l y connected to the console 
and thus one operator can sup e rvise and direct all the opera-
tions of the system. It is through the console that the 
operator can communicate with the computer and the computer 
with the operator. Through the console, the operator has 
complete control over the computer and can perform any 
operation such a s read the contents of any memory re g ister 
or counter, read into or out of any memory location, and 
cont rol both the input and output of the computer. Through 
the console it is also po s sible to check a set of instructions 
by slowing down the computer to see how it carr ies them out. 
Maintenance control involve s close supervision 
ove r the internal controls of the computer. The comp ute r 
has built in cont rols for identifying and loca lizing 
difficulty but it is necessary to have close maintenance 
supervision to repair the computer when difficulty arises. 
Most computers today are built with ma intenance panels, these 
maintenance panels show the operating conditions within 
the computer. Through me ters wh ich indicate the voltag e 
l evels of the diff erent power supplies within the computer, 
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fuses which prevent accidental dama g e due to failure of 
some of the components, a.nd a series of indicator lights. 
The process of checking the computer can be 
easily done by setting up a problem in two dif fe rent ways 
and then seeing if the computer arrives at one common 
answer using the two different methods. All computers 
today have a certain amount of built in checking circuitry 
which include such features as dup licating arithmetical and 
logical sections with automatic c omparison circuits. By 
duplicating t he same operation and then comparin g the 
results, an excellent check for accurate results is 
obtained. The more internal checking facilities are p rovided 
for a computer, the less is the need for external control. 
The big factors to be considered are the amount of checking 
that is re quired and the cost that one is willing to pay 
for additional internal checking faciliti e s. Since inte rnal 
check facilities are actually du p licate circuits for 
·comparison purposes , they can add quite an amount t o the 
cost of the computer. 
CHAPrER IV TYPES AND CLASSES OF 
ELECTRONIC DATA PROCESSING COMPUTERS 
A. Scientific and Commercial Computers 
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There are a number of dif~erent ways in which 
computers can be segregated or classified, one common method 
being according to the purpose for which the computer was 
designed. Computers are built for two general purposes, 
either for sci entific purposes or for commercial appli-
cation. Scientific computers are designed for the p urpose 
of solving complex mathematical problems and are character-
ized b y their use of a binary number system and their need 
for great internal speed and storage f acilities with little 
emphasis on the need for extensive input or output devices. 
Commercial type computers are u s ed for the processing of 
large volumes of data and therefore need ext ensive input 
and output devices and are built to op e rate on alphabetic 
and numeric information. The first computers were designed 
for scientific purposes and l a ter modif ied for commercial 
use. It has only been within the last few years that 
computers have been built specifically for the purpo se of 
processing data for commercial use. 
B. Special and General Purpose Computers 
Electronic computers can also be clas s ified as 
~ither general or special purpose. Special tyPe computers 
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are designed to p erform one s pecific tas k which can be 
of either scientific or commercial n a ture and have a fixed 
internal program. A good example of a special type computer 
is t he 140 G. P . Distributon. Thi s computer was bui lt by 
the Engineering Research As s ociates, now a division of the 
Sperry Rand Corporation, for John Plain and Comp any, Chicago, 
Illinois. The John Plain Company is a larg e wholesale mail 
order house <.·rhich was in dire n eed of a bet t er method of 
controlling its inventory. The Distributon is a s p ecial 
purp o s e computer with a fixed internal p rogram designed 
specifically to handle the inventory control p roblem of this 
company . Through the use of t h i s special type computer, the 
John P lain Company can perform the s ame job with ten girls 
that once took one hundred and fifty girls*. Input into 
t h i s computer is direct through the u s e of ten keyboard 
indicators that are v e r y simil a r t o the 10-key keyboards 
found on the Remington Rand adding machine. Thes e same 
keyboards are also u s ed as the main output device s . The 
compu t er inspects the output of each keyboard sequentially, 
trans fer s t he data to the computer, and then back a gain to 
the keyboard. Since t h is total cycle takes only about 
4/lOths of a s e cond, none of the p ersonnel op era ting the 
keyboards are even aware that they are not continua lly 
connected to the computer. The Distributon is designed 
to tally three diff erent c a t e gories of information in 
* 1' p. 257 
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conjunction with each catalogue item number in inventory. 
There is a special category switch on each keyboard '.Vhich 
may be positioned to any of the three arbitrarily assigned 
positions. Thus the keyboard could be positioned to tally 
totals for orders, cancellations, returns, or any other 
information that might be wanted. The computer utilizes 
a ma gnetic drum with 39,000 memory cells for its main 
storage device. Another significant feature of this computer 
is its automatic paper tape control device which programs 
the machine to read out items that are punched on the tape 
in any de s ired sequence. Through use of this type of a 
device, it is possible to read out of the computer any 
special type information desired. If special reports are 
required periodically, a control tape can be made for the 
desired information. By introducing this control tape into 
the computer, the de sired information will be automatically 
read out. General purpose computers have to be ext ernal]Jr 
p rogramed an& c~ be used for a variety of purposes. 
C. Classification according to Size 
Commercial t ype computers are usually classified 
according to their size and cost. As a rule, computers which 
cost $50,0(;0. or less are clas s ified as small while those 
that cost from $50,000. to :~250,000. aT·e class ified as 
medium size. The large computers will normally cost over 
one million dollars. In determining which typ e of computer 
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This is the equipment in which Univac automatic data-
processing actually takes place. 
Data recorded on magnetic tape is fed from the Uniservos 
into the magnetic-core memory of the computer, where it is 
held available for processing. Then it goes to the data-proc-
essing circuits, where the computations are performed. 
UNIVAC ® is a registered trademark of Sperr y Rand Corporalion 
The result is returned to the memory, where it is either 
retained , awaiting further processing, or sent out from the 
computer as a final result and recorded on magnetic tape by 
the Uniservo. 
All operations are under the control of the exclusive self-
checking features which contribute to Univac's accuracy. 
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to purchase or rent , a company should evaluate very c arefully 
what its requirements will be and then select the computer 
that can best fulfill its need and still be within a price 
rang e that it can easily afford. To better understand the 
capabilities and limitations of the various size computers, 
an analysis of one of the major computers used today in 
each of the three price categories will be made. 
l. Large Size Computers 
(a) Univac I - This computer system will be described 
in detail as it is the same system that is being used by the 
General Electric Company, Appliace Park, Kentucky, and the 
Sylvanic Electric Comp any at Camillus, New York. Both of 
these compani es approachs to electronic data processing 
will be ana lyzed in Part II of this thesis. 
l. General* - Univac I is a general purpose 
computer using magnetic tan e as its main source of input 
medium and as permanent storage media. Raw data can be put 
on ma gnetic tapes directly with a Unityper or through 
punched cards on a card-to-tape converter . Input can a lso 
be introduced into the computer from a keyboard on the console 
while data is being processed. The storage unit of the 
computer consists of a mercury column acoustical delay line. 
Output is in t he form of magnetic tape and can be p rinted 
on a Uniprinter or a high speed printer . Information on 
the magnetic tapes can also be transferred to punched cards 
on a magnetic tap e-to-punched card converter. Buffer storage 
* 2 
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registers permit the computer to continue processing while 
other da,ta is being put onto or from magnetic tape. 
2. Operating Characteri 3tics: 
Internal Code - 7 bits consisting of four 
binary numeric pulses in xs3 binary coded decimal notations, 
two zone pulses, and one check pulse. 
Word Length - 12 characters 
Block Length - 60 words 
Pro gram Code - single address, automatic 
sequencing. 
3. Internal Storage - Consists of a mercury 
acoustic delay line with a capacity of 1,000 words and an 
access time of .040 to .400 milliseconds. 
4. Operating Spe eds: 
Addition and subtraction - .525 milliseconds 
Multip lication - 2 .150 milliseconds 
Division - 3.890 milliseconds 
Comparison .365 milliseconds 
5. Physical Characteris tics 
Power - 90 KVA a t 208/120 volts 
three phase or two phase current 
Air Conditioning - 35 tons 
6. Other Equipment 
(a) Keyboard tap e recording Unitypers I and 
II. Records data on magnetic tap es. 
(b) Verifier - Used to verify corre ctness 
4-9. 
of magnetic tap e and can also be used 
to t~~e and print. 
(c) Card-to-tape Converters - Used to 
convert information on 80 column nunched 
-" 
cards to magnetic tape. 
(d) Tape-to-Card Converters -
(e) Uniprinter - Used to print information 
directly from the magnetic tap es. 
(f) High Spe e d Printer - Used for p rint-
ing information at relatively high 
spe eds from the magnetic tapes or 
punched cards. 
The Univac I is made by the Reming ton Rand 
Cor.1poration of New York, New York, and can be either 
purchased or rented. The avera8e cost of this entire 
sys t e m is over one million dollars. 
(b) Other Large Scale Computers in Use Today: 
1. Univac II - An improved model of the 
Univac I. This model uses a Magne tic Core Memory. 
2. Bizmac - Manufactured by the Radio 
Corp oration of America. 
3. I. B. M. Type 705 Computer - Made by 
International Business Machine Corp oration. Th is features 
a magnetic core as the memory device. 
4-. The Datamatic - 1,000 System. This is 
the first computer designed specifical ly for business purposes. 
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Exhibit III The I.B.M. Type 650 Computer 
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2. Medium Size Computers 
(a) The I. B. M. 650 Data Processing Machine is 
one of the most widely use d compu ters today with over seven 
hundred of them in op eration. This computer system consists 
of thre e units.!.: 
1. Type 533 Read Punch Unit - This unit is 
u sed for transmitting input dat a and emitting the output 
data from the computer. Input and output is in the same 
form of punched cards with the maximum input speed being 
200 cards per minut e and output at the r a te of 100 cards 
per minute. 
2. The Type 650 Console Unit is the heart 
of this system for in it is contained the control console, 
the magn etic drum used as a storage d evice, and t he calcu-
lating unit. The magnetic drum is a colbalt-nickel p lated 
c y linder about four inche s in diameter and sixteen inches 
in length and revolves at a s p eed of 12,500 revolutions per 
minute. The cap acity of the drum is either 1,000 or 2,000 
words or 10,000 to 20,000 digits, each word in the computer 
cons isting of 10 digi ts and a n al gebraic sign. Acces s time 
is 2.4 milliseconds per word. Inrodition to the main storage 
unit, the comp uter also has a buff er storag e for input and 
output. This buffer can accommodate 1 0 words (100 digits) 
and is u sed to increase the speed of the computer. As cards 
are read b y the Type 533, the information i s i mmedi ately 
* 10' p. 5 
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transferred to the buffer storage where it is held until 
the next card is read. For output, the process is essentially 
r eversed and thus the computer is able to perform reading, 
punching , and calculating functions all at the same time. 
The arithlogic section is made up of 
three basic units: the distributor, the accumulator, and 
the one-digit adder. The distributor and accumulator are 
controlled by the stored pro gram while the adder is controlled 
internally. The speed charact e ristics of the arithlogic 
section are: 
Addition and subtraction - 5.52 milliseconds 
Multiplication - any 10 digits x 5555555555 -
16.9 milliseconds 
Division - any 20 digit number divided by 
5555555555 - 20.7 milliseconds 
3. Type 655 Pmver Unit - The main function 
of this unit is to supply the necessary power for all the 
machines. It is also used to translate the decimal coded 
input into the Bi-Quinary code which the computer uses and 
to reverse the situation for output. 
In addition to these three units which make up 
the I. B. Iv.1. 650, a completed system will also include a 
Punched Card Accounting Machine Type 407. This mach ine is 
used to print the p unched card output in finished form. 
This system can also use magnetic tape as an input and out-
put media, but must h ave a High Speed Core Storage, Type 653, 
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to do so. The Type 653 can also be used as a high speed 
storage device when the I. B. M. 650 is not using magnetic 
tape as input - output media. 
(b) Other medium size computers used for business 
purp oses include: 
l. Univac File Com~uter - Manufactured by 
the Remington Rand Corp oration, the File Computer can use 
both the standard input devices, the punched cards, paper 
tape and magnetic tape, and the direct keyboard method for 
input and output. A magnetic drum is the system's main 
storage device. 
2. Miniac - This computer was develop ed by 
the Marchant Calculator Company. This computer uses a 
magnetic drum with a capacity of 4,096 words for its main 
storage device. Input can be introduced b y means of a 
Flexometer as well as by the standard magnetic and paper 
tapes. 
3. CRC-l02D This computer is a p roduct 
of the National Cash Register Company. This s y stem differs 
from the other medium size computers described. The input 
devices are punched cards and p aper tape, but the data is 
converted internally onto magnetic tape. Magnetic tape is 
then used as the principle storage device and the main 
processing medium. Output is a gain in the form of punched 
cards and p ap er tape or can be a direct copy from a type-
writer on the console. 
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4. NCR - 303 Developed b y the Nat i ona l 
Ca s h Re g i s ter Comp any, thi s comput er is very similar to t he 
CRC-102D. The main diff erence is that t h is c omput e r was 
de signe d principally t o p rocess punched paper. The punched 
p aper t ape i s to be made at the point where t h e data 
originates on special recorders developed b y the Company. 
Punched cards as a means of input or outpu t have been 
completely elimiated in this computer. 
3. Small Size Compu ters 
(a) The Electrodata 101 Very little has b e en 
done in the actual development of small size computer s due 
most l y to the complexity and cost of designing comput ers. 
As more becomes lm.ovm of computers, and bet t er techni que s 
are devised to manufacture them, undoubtedly many more of 
this typ e computer will be developed for the small and 
medium size businesses. 
The best known small size computer is the Electro-
dat a 101. This computer is made by the Electrodata Division 
of the Burroughs Corporation. Unlike the mediLun and l a r ge 
scale computers, the Electrodata 101 is not designed to 
handle large volumes of data but r a ther to handl e repetitive 
computations . One of its main fea cures is its externally 
stored p ro gram in removable pinboards . The instructions for 
the computer are determined by the position of pins in the 
pinboards. There are eight pinboards in all, each pinboard 
having room for six teen instructions. If a standard set of 
l 
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instructions is going to be used r epetitively, it can be 
marked on a pre-punched templ a te. Any time it is desired 
to u se the pro gr am , the special template is laid over the 
p inboards and the pins dropped in place. By using this 
technique, a permanent file copy of a g iven program can be 
made and used when desired. 
Anothe r featur e of the Electrodata 101 is its 
input device. Data i s introduced in the system through an 
11 column full keyboard of the same type a s used in au t omatic 
accounting machines or disk calculators. Information may 
also be introduced through the medium of punched p aper tape. 
The Electrodata 101 has a magnetic drum memory with a 100 
word c apacity. Since the p rogram is externally stored, the 
memory is us e d only for the storage of numerical data. It 
is also poss ible to obtain a 220 word memory for this system. 
One of the biggest advantag es of this system is that it is 
relatively easy to operate and requires no extensive p eriod 
of t raining . 
(b) Other small size computers ava il able: 
1. The LGP - 30 Comput e r manufactured by 
the Royal McBee Corp oration. 
2. Elecom 50 p roduced b y the Underwood 
Corporation. 
CHAPTER V BUSINESS APPLICATIONS OF 
ELECTRONIC DA'J:A :PROCES3 ING COMPU':I:ERS 
A. Processing of Routine Clerical Work 
57. 
Computer applications today are based mostly around 
routine clerical functions requiring the processing of large 
volumes of data. In order to defray the cost of the computer 
and to get it on a p aying basis, most companies will use it 
to process data that most easily can be adapted to the 
electronic computer, the most common first application being 
the processing of the payroll. The processing of the pay-
roll in a large company involves a large amount of data but 
is normally a relatively simple operation. Since p rocessing 
of the payroll has to be extremely accurate and must be 
prepared by scheduled deadline periods, it gives the company 
the opp ortunity to t e st the accuracy of the computer as well 
as its speed. Another general area in which computer appli-
cations have been successfully adapted is in the area of 
premium billing s for insurance companies. Insurance companies 
process extremely large volumes of data and are constantly 
seeking improved methods. As more becomes known about 
computers they will become even more useful to t his type of 
industry. Other general areas which have been succes s fully 
processed by elec t ronic computers are: (1) billing ; (2) 
inventory control; (3) budgeting; (4) sales analysis; and 
(5) cost a ccounting. 
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B. Integration of Companl Activities 
As more experience is gained on how to use the 
comput er, it is felt that great savings will be effe cted 
through increased eff iciency in comp any operations. This 
eff iciency will be developed through closer coordination 
of comp any divisions, sales, production, and inventory. 
As an example, when processing sales, not only will they 
be thought of in terms of sales but also in terms of their 
effect on p roduction and scheduling . By analyzing informa-
tion by its overall significance rather than on a limited 
basis, savings will be eff ected through better inventory 
control and more efficient production scheduling. Electronic 
computers also have anothe r intangible saving in that they 
will be able to give mana gement reports which were not 
available previously due to the time necessary to obtain 
the information. Many of these s pecial reports can be made 
as a by-product of the normal data processing and will 
further aid management in controlling its operations. As 
of t h is date, this approach to electronic data processing 
is only beginning to be applied but some companies that 
were the first to enter the field of electronic data p rocess-
ing are becoming more and more aware of its imp ortance and 
thinking in these terms. 
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C. Operation Research 
Some people feel that tihe c omputer will be of 
greatest importance in help ing to solve comp lex p roblems 
of business through the use of operat i ons research. The 
scientific approach to man agement, ope r a tion research can 
be defined as the s cientific s tudy and analysis of manage-
ment p roblems aimed at maximizing or optimizing the e f f ect-
ivenes s of a company's overall operation .* This is an 
advisory service to g ive managment more ac curate informa-
tion on which to base its decisions. Operations researchers 
deal s p ecifically in the scientific method and return to 
the sciences for both its methodology and its implements . 
Their ch ief tools are mathematics, the exp erimental model, 
ob s erv ed d a ta, and objectivi t ;yr . The operation researcher 
works on the basic assump tion that all eff ects have corres-
ponding causes, and by using intuition, common sense , judg-
ment, and technical skill, he is able to reduce dat a into 
workable comp onents. After reducing the data to workab le 
comp onents, he then tries to find the key to t he understanding 
of the fundamental mechanism of the operation. The researcher 
then formulates a tentative theory to explain t he observed 
action. J:f the theory p roves invalid, he must start a ll 
over again. Th is theory is in mathematical form and is 
generally a representation of the op eration under study 
r e duce d to its pertinent characteri s tics. This theory mu st 
* 1'+ 
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be a valid representation of the observed d ata a nd must be 
able to explain the obs erved data . Formulating this theory 
is the operation researchers tou ghest j ob. Mathematical 
tools used by the researcher consi s t of Linear Programing, 
Queuing Theory, Monte Carlo Me thod, Sta tistics and Game 
Theory. Linear Programing is used to find the obtimum 
relationship between a number of interd ependent variables 
when the interrelationships are algebraically linear.* It 
can be used to establish optimum production schedules, 
a llocate sales promotion dollars for more profitable returns, 
divide work for the lowest labor cost, and so forth. The 
Queuing Theory is a division of the t heory of probability 
and is used to solve problems where time is being lost 
through waiting . Based on the l aw of p robability, the 
Monte Carlo method works through random sampling . This 
method can b e used for such purpose s as planning sales 
programs, planning p~oduction s cheduling , and so forth. 
Game Theory deals i n the strategy of comp etitive p lay and 
has been used mostly in solving military problems rather 
than for industrial applications. Operation re search is 
a relatively new tool that management has to aid itself in 
making decisions and will p rob ably become more important 
a s time g oes by. Wi t hout the aid of electronic comp u t ers 
to perform calculations and p roces s data, however, operation 
research could not be as succes s ful as it has b een . 
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CHAPTER VI ELEC ~rRONIC D.t\.l.rA PROCESS ING AND THE 
SYLV ANI C ELECTRIC PRODUCTS COMP .ANY 
A. The Company 
The Sylvania Electric Products Comp any, one of 
the larges t manufacturing firms in the electrical products 
industry, is a decentralized company with nine operating 
product divisions and one engineering division. The 
company has 47 manufacturing plants , 19 laboratories, 27 sales 
off ices, and 18 warehouses located in sixty-five communities 
in t wenty-five states.* Headquarters for the company are 
located in New York, New York. Through its nine product 
divisions, the company manufactures a variety of i tems 
including atomic fuels and components, fluorescent lights, 
television tubes, and electronic tubes. Sylvania is one of 
the two large s t manufacturers of r eceiving tubes in the 
country with an output in a single week of more than one 
million. To produce these goods , the comp any employs 
27,000 peop~e.** 
The president of the Sylvania Elec t ric Company, 
Mr. Donald C. Mitchell, maintains control of the company 
through t we lve executives who report to him. Eight of 
t hese executives perform staff functions, such as Vice-
President in Charge of Engineering , and Vice-President in 
* 23 
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Charge of Marketing, while the other four executives head 
up the ten opera ting divisions of the company . Sylvania 
Electric Products Company is a strong believer in the 
principle of decentralization and attribute much of its 
growth to this. Through decentralization, the r e sp onsibility 
and authority to act is pas .sed do~tvn to the operating level 
and the executives at this level are held responsible for 
all the actions p ertaining to their functions including the 
profits. Each division of the comp any is regarded as a 
separate medium size busines s with the personnel in charge 
re~ponsible for its efficient and profitable op erations. 
The company tries to keep each of the manufacturing p lants 
relatively small, employing approximately seven hundred each, 
and locate them in small rural or urban towns and cities -
the largest concentra tion of p lant s being in New England, 
PeP~sylvania, and New York. By keeping their plants 
relatively small, located in small towns, and with a manager 
in full control almost as though he were running his own 
business, there is a larger feeling of pride as to how the 
work is being done. This pride in turn is reflected in a 
more efficient plant. The company is also able t o follow 
this princip le of decentrali z ation because its manufacturing 
p rocess is highly mechanized and can be easily adapted to 
it. Top management formulates the broad framework of general 
policies and controls to insure coordination of the various 
divisions and p lants with the line executives held responsible 
to opera te t he various divisions and p lants. 
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B. Th·e Problem 
Sylvania, like so many other comp anie s , was 
confronted with the p roblem of increasing clerical costs 
and the need for a more efficient system of obtaining the 
rep orts necessary to regulate their business. In 1951, 
the company employed 22,000 p e rop le of whom 83 p er cent 
were employed in manufacturing and 7 per cent in clerical 
functions. By June of 1956, the company employed 27,00 0 
peop le of whom only 70 per cent were employed in manu-
facturing and 16 per cent in clerical cap a cities.* In a 
period of only five years, the clerical staff of the company 
had more than doubled with a corresponding increase of 
a 9proximately only 19 per cent in their total labor force. 
At t h i s rate of growth, the company feared that by 1966, 
25 per cent of their total l abor force would be performing 
clerical tasks. 
Not only were the y confronted with the problem 
of increasing clerical expense but of equal importance was 
the neces s ity of having all signif icant information perta i n-
ing to comp any operations in comp leted form as r ap i dly as 
p ossible. This p roblem was increased with the Sy lvania 
Company due to their many decentralized units w.i:1ich ma.nu-
f a ctured such a wide line of products. The recording and 
processing of the day to day information re quired b y these 
decentralized p l ants followed a widely diversified pat t e rn. 
* 23 
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The p roblem of analyzing and summarizing a ll this diversified 
informat i on wa s even a gr eat er p roblem for Sylvania than 
for comp anies with centralized operations. 
In summation , the p roblem of Sylvania can be 
said to be t wo-fold - fir s t, to devise a more eff icient 
manner of wrocessing data so as to reduce clerical cost s 
and second, to g ive management up-to-date informa tion. 
Both of these p roblems had to be solved without int erfering 
with t he comp anie s dec entra lized policies . 
C. The Inve s tigation 
Having been successful i n the app l ication of 
automation in many of its manufacturing processes, the 
system p lanners of the comp any felt that some of the same 
planning and control techniques which they had u s e d could 
be adap ted to clerical areas. With this in mind , the 
company decided on a p rogram of office automation with 
the fol l owing purp ose as outlined by ·che planners of the 
company:* 
11 To apply the principles of off ice au tomation i n 
all p hase s of our business where it appear s practicable to 
do so, and to provide management with current up-to-date 
information; and to permit the application of t h e latest 
scientific techniques of management for analysis and control 
* 18 
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purposes. Though this program is company wide in nature, 
it will be designed to permit our decentralized operating 
units to continue to exercise full executive responsibility 
at all levels of management and must be an aid to and not 
a substitute for these responsibilities." 
This general program envisaged all data, above 
the ~ay-to-day requirements of the individual plant, being 
processed at a centralized location. This centralization 
of data handling also presented the problem of communica-
tion. Since the company had activities in twenty states, 
it would be neces s ary to have an extensive communication 
network to tie all these units into the centralized data 
processing center. In order to carry out this overall 
program , three main goals were established: 
1. Office Automation - This was to be done at 
all levels of the organization where application of work 
simplification techniques to clerical tasks would imp rove 
the existing opera tion and at the same time furnish a logical 
base for integrated data processing and transmission to a 
central point. 
2. Integrated Data Processing - The second goal 
was the establishing of methods by which when raw data was 
being originated at the point of origin, it would also be 
uroduced as punched p aper tap e which could be used as 
permanent and readily acces sable for use in an automa.tic 
basis. Punched paper tap e was going to be used a s the means 
of communication between the originating unit and the 
centralized data processing center. 
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3. Centralized Data Processing - The third goal 
established by the company was for a centralized dat a 
processing center utilizing the late s t in electronic computers 
for data processing. 
These thre e goals were actually levels p laru1ed 
as part of t~e overall program. Each level was to be 
at t ained before the next would be attempted. To eva lua te 
the feasibility of such a p rogram, a special commit t ee under 
the overall direction of Mr. Leon J. Guest, Jr., comp any 
controller, was set up. This s pecial committ ee consisted 
of the manager of the auditing department of the comp any 
and the comp any manager of systems and procedures. Active 
control of the ini t ial survey was under the supervision of 
the manager of the auditing department as he was most 
familiar with the comp any records. In addition to the main 
group r e s p onsible for the survey, as s is t ance was given by 
a computer engineer from one of the company laboratories 
and additional inf ormation was supplied by the compu ter 
manufacturers and communications companies. This evaluation 
team was ,€:; i ven a p eriod of six months to make its survey 
and submit its rep ort to top mana gement. 
One of t he most imp ort ant factors to be considered 
in this new typ e of centralized data p rocessing was communi-
cation. In order for t he information to be furnished to the 
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to the data p roces s ing center promptly, it would be nece s sary 
to have a special communication ·system tailored to the needs 
of the comp any. This communication system would have to 
have a great deal of flexibility in that it would have to 
be changed to meet shifting traff ic requirement s and be 
cap able of handling large re quirements as the center was 
used to a greater extent. The communication system would 
also have to have the ability to carry material other than 
raw data. Th is would be necessary as the cent er would be 
sending and r e ceiving regular mess ages from the operating 
units. 
From the preliminary investigation, the follow-
ing r e commendations were made to and accepted b y top manage-
ment:* 
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1. The ordering and installation of a Univac I 
Electronic Data Processing Computer. 
2. The selection of a s ite for the location of 
the data p rocessing center. 
3. The selection of a communication comp any to 
develop a communication system according to 
comp any specifications. 
4. The establishment of a data processing staff 
for the p lanning, development, and op erating 
of the program. 
5. A progrc;.m of off ice automation be d evelop ed 
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with a schedule of target dates. 
6. Job requirements and job qualifications be 
established. 
7. The selection of qualified peop le as re quired 
to fill the jobs required by the program. 
8. The providing of information to administrative 
and opera ting personnel on the new program. 
9. The establishment of training courses as 
required to insure maximum u s e of equipment. 
10. All operations b e surveyed for the following 
purposes: 
(a) To determine areas that could benefit 
from office automation, work simpli-
fication, and new types of machinery 
and equipment. 
(b) To determine areas of scientific and 
engine ering application. 
(c) To determine methods, syst ems, and 
techniques for exploring these areas. 
D. The Electronic Data Processing Center 
Camillus, New York 
The data processing center was established with 
the basic concept that it was to be a service organization 
supplying information to all the various levels of manage-
ment. As such, the center would service Sy lvania's decentralized 
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operation in two sp ecific ways. Its f i r s t function would 
be to provid e fac t s for man age ment to base its decisions on. 
These r eports wou ld be made in p rop er form and would be 
available to management at the prop er time. The center 
would also s ervice d ecent ralized management by eliminating 
much of the routine clerical work which they are now 
r e s p onsible for. This will g ive the individua l manager 
more time t o devote to the prime resp onsibility for wh ich 
he is held accountable. 
The cent er was built around thr e e basic considera-
tions which are the backbone of this whole p rogram. The 
first consideration was that the new center was to p rovide 
centralized r ecord keeping for the comp any as a whole with 
t he use of the elect ronic com~9uter to be developed over a 
five y ear period. The second consideration was that the 
center was to be tied in with all comp any locations by a 
s ys tem of l e ased private wires that could handle both 
administrative and data processing traffic at a very high 
:volume. The third considera tion was that all app lications 
of data at the center .were to be developed as an integrated 
system. This integrated system would originate at the unit 
supplying the data and continue t hrough final output and 
the re-use of the information developed by the computer. 
In deciding on where to locate the new center, 
the first decision reached was that it should be a sep arate 
unit comp letely detached from the home office or from any 
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of the ten operating divisions . Top management felt that 
the center should be comp letely sep arate so that no one 
division or plant could infer that they had more control 
over the center than the others. The center ''vas to be a 
service center for all plants and uni t s to use equally. 
The exact location of the center was determinedby means of 
linear programming in which all the communication loads of 
all op era ting units were considered and evaluated to determine 
the best geographical location where messag es from all the 
operating units could be delivered most efficiently and 
with the maximum utilization of leased wire. This point 
proved to be Camillus, New York, a little town close to 
Syracuse, New York. 
The center itself is unique in that it is the first 
center built specifically for the handling of data with 
electronic computers and tied in with all operating units 
of the company through a vast teletype system. The Univac I, 
which was described in detail in Chapter IV, was the computer 
selected by the comp any. Information is received at the 
center on five channel punched paper tape and converted to 
magnetic tape on a paper tape to magnetic tap e converter. 
Once t he information is on magnetic tape, it can be introduced 
into the comput e r and be processed. 
In accordance with their policy of centralizing 
data processing activities, it was also necessary to centralize 
a number of operating dep artments which were directly concerned 
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with t he activit i e s of the center. At t he pre s ent time the 
following operating departments are now located at Camillus :* 
(1) Consolidated Credit, ( 2 ) Consolidated Accounts Receivable, 
(3) Corporate Budgets, (4) Corp orat e Accounting, (5) Internal 
Auditing , (6) Accounting Staff Sup ervisors, and (7) Customer 
Financial Services Advisory Staff. As the installation 
assumes additional work loads, the Warehouse Control Group, 
Tax and Insurance Departments, and certain function of the 
Market Res earch Deparmment will also be relocated at the 
center. 
E. Qrganization 
In developing the organizational s t ructure for 
the aata processing center, the first step taken was to 
break down and determine areas of responsibilities for the 
various functions that would have to be performed. Studies 
indicated that the best way of determining the different 
areas of responsibility that would b e necessary for the 
operation of the center would be by selecting one particular 
application that they planned to process through the center 
and then analyze the information flow for that project from 
the time data was original ly recorded until it s final process-
ing at the center. The project selec t ed for this study was 
the customer order entry. This project was selec t ed a s it 
involved the three major elements of data processing of the 
company - pr eliminary proces s ing on tabu l ating e quipment at 
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points removed from the center, integrated data p roce ssing , 
and electronic data p rocessing at the center. In analyzing 
the information flow, it was first necessary to divide it 
into three sections with the responsibilities b y group s 
falling into two general areas within the section . See 
Exhibit V. * The two general a reas of responsibility were: 
(1) the development of systems and operating p roc edures, and 
(2) the more technical aspects of Univac input, p rocessin g , 
and output. The general resp onsibilities in the area of 
development of sysl:iems and operating proced_ures included 
such functions as initial planning, system and procedures 
installation, com..rnunications, and operating pers onnel. 
The resp onsibilities involved in Univac input - processing -
output included such functions as conversion of data to 
Univac applications, programing, and processing of the 
data. 
The first section wh ich the flow of information 
was divided into dealt with the gathering, handling , and 
processing of the data at the unit level before transmission 
to the center . From the study of this section, a number of 
pertinent f actors common to gathering data were obtained :** 
1. Volumes, both p eak and total, had to be obtained. 
* 23 
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of mechanization, both in force and 
74-. 
planned, had to be considered. 
4-. The compatability of handling the data under 
the present sys tem with the re qu irements of 
the Univac had to be measured. 
5. The design of forms to me et Univac input 
requirements had to be considered. 
6. It would be necessary to conduct a study of 
existing methods, covering machines, systems, 
procedures, and communic a tions. 
Through the analysis of information flo vf at this 
level, it was also determined that there was no exact division 
of resp onsibilities and that it re quired a coordinated effort 
of all the people involved. 
The second section which the flow of information 
could logically be broken down into was the handling of the 
information at the center. In this s e ction, the flow of 
information was easily broken down into three functions -
information handling , computer information p rocessing , and 
output finalization. Information handling included such 
factors as verification of the receipt of informa tion, 
conversion of data into computer languag e, and general 
problems concerned with the transmission of the data. 
Computer processing was concerned with the problems involved 
in actually processing the information and output finalization 
with method s of cont rolling the d a ta and printing it. In 
this s ection of the flow of informa tion, it was fairly simple 
75. 
to establish areas of responsibility and to assign individuals 
to perform the functions. 
The last section in the flow of information was 
concerned with the furnishing of the finished data back to 
the unit level. Here two problems were encountered:* (l) the 
revision of the format of certain reports due to the output 
characteristics of the computer, and (2) the scheduling of 
reports to obtain maximum computer utilization. To overcome 
these problems, close r elations between the center and all 
level s of management concerned with t hese reports would have 
to be maintained. 
From this detailed functional analysis of the 
required flow of information in the company, valuable infor-
mation was obtained that was used in establishing the formal 
organizational structure of the center. In determining the 
actual organizational structure, there were also a number 
of principles that had to be followed.** The most important 
of these principles was the coordination of all the activities 
of the center under the supervision of a person who was 
cognizant of the basic policies of Sylvania's management, 
knows the operational set up of the company by divisions, and 
has the ability to sell the data proces s ing program to all 
levels of management. Furthermore, if the company's concept 
of integrated system development is going to be eff ectively 
followed, the following functions must rep ort to one person: 
* 2; 
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(1) Methods Surveys, (2) Sys sems Analyses, (3) Forms and 
Machine Design, (4-) Univac Methods, (5) Univac Programming, 
and (6) Communic 3.tions. In a d d ition, close liaison must be 
maintained between the center and the following groups of 
personnel within the company: (1) operations management 
personnel in the divisions and p lants, (2) Marketing manage-
ment personnel, (3) dis t ribution manag ement p ersonnell, (4-) 
engine ering managment p ersonnel, and (5) p roduc t and industrial 
engineering group s. It would also be neces s ary to establish 
a go od orienta tion program that would point out the basic 
a spects of program p lanning and sell mana gement that would 
be effected by the conversion program. 
With these basic principles and the information 
from the information flow study, t h e formal organizational 
structure of the center was established. (See Exhibit VI) 
The overall control of the center comes under the responsi-
bilities of the Controller, Mr. Leon C. Guest, Jr. Operations 
of the center are under the resp onsibility of the Director 
of the center, Mr. E. G. Dunn. There are three operating 
departments which rep ort to the director. Univac operations 
are resp onsible for the actual processing of ·Ghe data. This 
department is broken down into t wo section - Univac op erations 
and tabulation operations. The second operating department -
p lanning and development, is resp onsible for syst ems and 
procedures, project coordination, and communications. The 
manager of this dep artment has the following groups reporting 
,·~ 
Manager of Univac Operations 
Univac Operations 
Schedulint; 
Conversion Techniques 
!valuation of lrocessing Machines 
Machine ·utilization 
Records Administration 
Relations with Manufacturers 
Tabulating Operations 
Scheduling 
Kachine Utilization 
Cost Reports 
Records .Administration 
Relation with Manufacturers 
DIRECTOR DATA FROC~SSING OENTIR 
Mana&er of :Planning and Development 
Systems and Procedures 
llanning Methods Survey 
Detailed Procedures and Cost Studies 
Detailed Procedures Flow Cbartint; 
Development of New Procedures 
Systems and Procedures Installation 
Forms Control Program 
Tabulating Cost Control Program 
Project Coordination 
Liaison 
Interpretation of Procedures Analysis 
Item L~outs and Process Charts 
Coordination of Systems Revisions 
Review of Process Charts 
Communications 
Operations of Private Wire Systems 
Future Communication :Planning 
Communication Cost Control 
Cost Analysis and Charts 
Office and Personnel Mana~er 
Office Man~ement 
Personnel Administration 
Ca:f'eteria 
Employee Relations 
Community Relatione 
Purchasing 
Employee Store 
!uilding Services 
Dispensary 
Records Administration 
lxhibit VII Functional Organization, Sylvania's Data Processing System 
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to h im - methods surveys and sys tems analyse s, s ystem 
insta llations, forms and machine design, Univac methods, 
Univac p rogramming , advanced communication s y stem design, 
and operations of the private wire sys tem. This organi za-
tional approach was used t o p rovide a method b y which any 
data process ing function could be surveyed to s e e if it was 
adap t able to p rocessing at the center. If the data was 
adaptable, it could t hen be more easily coordinated 
through all stages of new system development, installation, 
and progr amming for the computer. The third dep artment 
reporting to the Director of the cente r is a service dep art-
ment under the sup ervision of the Office P ersonnel Manager. 
Th is dep art ment performs off ice s e rvices, p ersonnel adminis-
traion, and is r esp onsible for building maintenance. For 
a detailed functional analys e s of t h e organization of the 
center (see Exhibit VII.) Personnel t o fill t he vacancies 
in this org anization were selected from within the comp any 
when p oss ible. ~There technical b ackground was n ecessary, 
outside sources had to be utilized. 
F. Personnel Orientat ion 
Information processed at the cent er can only be 
as accurate as the information furnished. For this reason, 
it was neces s ary to es t ablish a definite orient ation program 
for all personnel to show then the di f ferent aspec t s of the 
p rogram and how it would effe c t them. The orientation program 
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was d ev e lop ed to re a ch five different organizationa l levels: 
(1 ) of ficer s, (2) division genera l managers and c ontrollers, 
(3) d ivision op erating p ersonn el, (4) plant, laboratory, and 
warehou se opera ting personnel, and (5) the clerical staff 
that would be resp onsible f or oper a ting the new system. A 
dif f e rent ap proach was used to reach each of thes e five 
organizational levels. 
The approach used to orientate top management wa s 
to s h ow them the continuously rising cost of clerical fun ct i ons 
and how the center could be used to r e duce this cost. Formal 
rep orts are given to the Executive Planning Department of the 
company showing them how the center is op erating to reduce 
these costs, give management more information to work with, 
and other uses of the computer by manag ement. 
Divisional g eneral managers a t tend a staff meetin g 
a t; the center at least once a year a t wh ich time they a r e 
informed on both the present and future app lications of 
the center and how it will effect t h em. In addition to t his, 
division controllers hold a meeting at least four times a 
year at which time the same information is given. The 
division controllers are kept constantly up to date with the 
program and how it will effect their divisions. The division 
controllers in turn keep their respective managers in£ormed. 
Division operating personnel are kept informed through meeti ngs 
at their divisional headquarters. These me e tings are often 
a t t ended by members of the center who ou tline the p rogram of 
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the cent er and answer any questions. 
Before any changes are made in procedures, they 
are reviewed in detail by Plant, Laboratory, or Warehouse 
Personnel. These proceaures are reviewed by the local manage-
ment of the unit concerned to insure that they understand 
exactly what is proposed, why it is neces s ary, ho w it will 
be done, the eff ect that it will have on the local unit 
personnel, and the benefits it is hoped to obtain from the 
n ew procedure. This procedure is us e d for all changes reg ard-
less how small t hey are. 
Proper orientation at the clerical level is 
especially important as it is they who will be performing 
the actual work or be effected most by it. Therefore, certain 
p rocedures are fol l owed whenever a conversion is necessary. 
The first procedure is to have a "dry run" of the new system 
to prove out machines, forms, and procedures to insure as 
much a s possible that it will be satisfactory. Before the 
conve rsion s t arts, it is also necessary to have all operating 
procedures tested in detail. When the new sys ~ em is being 
installed, training and orientation of the clerical work 
force is accomp lished by a crew of specialist s who know all 
the phases of the operation. The new system is not considered 
as operating effectively and turned over to unit personnel 
until all trouble areas are removed. 
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G. Communication 
The whole concept of a centralized data processing 
center depended to a great extent on the availability of an 
adequate communication system that would link all units of 
the company with the center. From this statement it can 
be seen that the selection and installation of the communi-
cation system was of prime importance. To eff ectively perform 
this function, the company needed a specially designed system 
that would transmit adminis t rative mes s ages as well as the 
raw data to be acted on at the center. By having a system 
that carried administrative messages, savings could be 
effected through the elimination of many long distant 
t elephone calls and commercial wire messages. In determining 
the exact system to install, there were a number of require-
ments that had to be met:* 
l. Automatic routing and classification of data. 
All information had to be separated at the center according 
to whether it was administrative information or information 
for the computer. Furthermore, all information for the 
com9uter had to be classified according t o its p urpose so 
that order entry and invoice information, payroll dat a , and 
so forth came up on pre-sel e cted separate reperforator 
positions . This must be performed on an automatic basis 
due to the volume of traffic involved. 
2. Ability to handle increasing traff~c volumes. 
The system installed must be able to handle more and more 
* 23 
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information as the use of the center expands. 
3. Preliminary processing and routing of infor-
mation. In order to maximize the efficient use of the system 
and remove some of the burden from the center on routing 
administra tive messages, it would be necessary to have 
communication relay stations. These relay stations would 
collect, schedule, and distribute messages to their desti-
nation. This is important as the system was t6 be use d to 
handle administrative messages between all the company's 
units as well as to the center. Becaus·e of the length of 
the data processing messages, it would be necessary to have 
a special high speed automatic system. 
4. Minimization of decision making at reporting 
locations. Operators transmitting information from the 
originating unit should not have to decide if they are 
handling administrative or data messages. To do so would 
require that the operator have two sets of operating routines 
and would have to shift back and forth between them all day. 
Another decision which the operator should not have to make 
is determining when the circuit is open and it is all right 
to transmit. This problem has been taken care of through 
the use of a selector on the teletype machine. The operator 
merely places the mes s age in the machine and it automatically 
starts transmitting when the circuits are available. 
5. Compatability. In order for the dat a to be 
proce ssed at the center, it must be compatable to the computer. 
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Since the Univac I uses a seven channel magnetic tape and 
information arrives on five channel paper tape, it must be 
converted. This is done through the use of a paper tape 
to magnetic tape converter. 
6. Uniform Reporting and Coding. The operations 
of all conversion equipment are controlled by teletype-writer 
codes. Therefore, it is necessary that there be a uniform 
me thod of reporting and the use of functional codes at every 
unit forwarding information to the center. In order for a 
company to effect corununications between business machines 
and transmission of the data over a communication line, it 
is necessary for them to establish their ovvn common language. 
Sylvania achieved this by establishing a coding chart which 
shows the coding relationship between all the tape producing 
equipment throughout the company. 
7. Message Reconstruction. It is only natural 
that some discrepancies and inconsistancies will be found 
in the basic information while it is being p rocessed through 
the computer. It is therefore necessary to have a procedure 
that covers the reconstruction of data when needed. To do 
this, each me s sage is identified b y a number. This number 
not only identifies the message but also shows where the 
message originated and the relay station tha t it comes through. 
All messages coming into the center are controlled through 
this method of numbering. The communication s ystem used by 
Sylvania has its own automatic numbering device. 
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The communication system used by the Sylvania 
Company was designed especially for their purp oses by the 
Weste~n Union Company and is used on a leased basis. This 
system utilizes more than 20,000 miles of circuits to tie 
together seventy-two stations in sixty-one cities in t wenty 
states. See Exhibit VIII. This system was desi gned to 
handle both administrative data and data to be processed 
by the center. The communication system also feat ures the 
203-A Data Control System which is an automatic classifying 
routing device. This device scans incoming circuits, 
i mmediately classifies information according to its function, 
and switchs this sorted data to reperforator p ositions. 
Information comes to the center either directly from the 
originating unit or t hrough one of the two r e l ay stations 
located in Salem, Massachusetts, and in Williamsport, 
Pennsylvania. 
H. Present and Future Uses of the Center 
As stated previously in this thesis, the data 
processing center was established for the p rime function 
of processing data for all units of the company. As s uch, 
the Center serves merely as a service function for the 
company and does not make any decisions for the various 
operating uni ·t; s . Decentralized management will still be 
held accountable for the op erations of their various units -
the center wil l furnish them with the up-to-aate reports 
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nec es s a r y in control l ing their opera t ions. I n order to 
effectively utilize the c enter a nd to get it on a paying 
basis as soon as p oss ible, the company est ablished a d efinite 
progr am as t o how it would b e used . This p lan of action, as 
outlined below, was established to cover a g iven five-ye ar 
period and was to be a ccompli s h ed ste p b y step :* 
1. The pro graming of all company p ayrolls f or 
~he computer. This would include a detailed analyses of 
all p ertinent payroll information re quired such a s inc entive 
comp utations, by-product l abor analyses , p ersonnel analyses, 
gross-to-net distributions, and all necess ary municipal, 
state , and federal reports. This area of application was 
selected as the fir s t p lan of action for the center a s it 
was a g ood area in which to test out the center and at the 
same time get it on a paying basis. 
2 . The insta ll ation of a mechanized, integrated 
orde:P handling and inv oice system a t field warehouse and 
division shipping and billing points for the following 
divisions: lighting , radio tube, t elevision picture t ube, 
and r adio and television. These divisions were chosen for 
this p rogram as t hey al l manufa ctured products that were 
11 off-the-shelf 11 items wh ich could be easily identified 
through unit codes by p roduct clas s . This data would be 
transmitted to the cente r through the teletype system and 
be convert ed a t the de s tination from five channel paper tape 
* 23 
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to magnetic tape for use in the computer. 
3. As a by product of the billing operation, 
the following services would be provided: (a) itemized 
and accoun t s receivable stat ement for customers and all 
by p roduct analyses required by the credit departments, 
(b) sales accounting inf ormation by division, (c) st a tisical 
rep orts, b y divisions, (d) warehouse scheduling information 
for the divisions and the war ehouse control group, (e) 
inventory pl~Qning inf or mation, and (f) salesmen and di s trict 
office sales performance information. 
4. Studie s of p ossible applications of the 
computer by divisions for market research, sales forecast-
ing, production pllli~ing , and inventory control. 
5. Adaption of the integrated data processing 
and electronic data processing technique developed through 
experience gained in the firwt four divisions of the company 
to the three component divisions. These divisions have 
problems that are basical ly different from the first four 
divisions. 
6. Development of areas of scientific app lications 
of the computer for the company's atomic energy, electronic 
systems, and corporate research laboratories. 
In keeping with the program as outlined, the first 
project of the center was in the area of p ayroll application. 
(See Exhibit IX ) Since the comp any employ s 27,000 pe ople 
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in all its v arious units, this was a large size under-
t a k ing . To accomplish it, the actual conversion of the 
payroll was done on a p lant by p lant and division b asis 
in a p redetermined order, taking approximately two years. 
Under the present p lan, payroll information is obtained a t 
the unit leve l from production rep orts, time sheets, and 
time clock cards and consolidated on a payroll summary 
sheet. This summary sheet is made up on a modified 1 9 ASR 
which is actually a teletypewriter with no transmitter. 
The payroll records are made in both hard copy and punched 
paper tape form '.!i th control totals on the tapes. These 
tapes ar e verified as to both control totals and the format 
of the tape and are then delivered to the communication 
operator for transmission to the center. Since the infor-
ma tion p rocessed at the center can only be as accurate as 
the information received, it was very important that strict 
audits of these tapes be made prior to their transmission . 
As the data arrives at t h e center, the data control system 
r e cognizes tha t it is payroll information and switches it 
to one of three payroll positions. These punched tap es are 
then converted to magnetic tapes and audited b y the Univac. 
After the tapes have been audited, they are then processed 
through the computer . Through the processing of this data 
on the computer, the following information is obtained : * 
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1. Detailed inf ormation for 
(a) Gross and Net Re g ist ers 
(b) Payroll Ch ecks 
(c) Deduction Analysis Registers 
(d) Labor Distribution Register 
2. Source information f or 
92. 
(a) Municip al, state and Federa l reports 
(b) Labor Analysis Reports 
(c) Incentive Computation and Analysis 
(d) PersoYl..nel Adminis t ration 
(e) Compara·IJi ve Plant Cost Analysis 
(f) Insurance Statistics 
The p ayroll check a r e run off from the magnetic 
tape on a high speed print e r and are t h en mailed back to 
t he originating unit f or payment to the emp loyees. In 
order to meet p ayroll de adlines, · i t was necessary to 
schedule the computer in accordance with the time r e quired 
to mail back the payroll to these various units. Since pay-
rolls must be accurate, it was necessary to maintain strict 
controls throughout t h e entire p roces s ing proc edure. It 
'~as noted that where errors did occur, they were for the 
most part e rrors which occurred at the orig inating unit 
rather than at the center. 
The second maj or project undertaken at the center 
was the establishment of an integrated customer order entry 
•sys:tem. See Exhibit X To a ccomplish this project, it 
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was first neces s ary to insta ll t hirty-four f ive channel 
I. B. M. Carda t ype machines at t wenty-two comp any shipping 
p oint s throughout t h e country . Here a gain the dat a originates 
at t he shipp ing unit and i s tr~~smitted to the center. As 
customers orders a r e received, a clerk transcribes the data 
from the order using a fiYe channel Cardatyp e machine. 
Throu gh the u s e of t his caratype machine and prepunched 
tabulating cards , combination cus tomer, warehouse, and 
s h ipping documents are made, and at t h e s ame time, a fine 
channel tap e containing all n eces s ary information for billing 
and other rep orts that are neces s ary. The clerk t ranscribes 
t he dat a from the order onto a standard form. At the same 
time, p repunched cards will automa tically insert all 
communication codes and 60 p er cent of all const ant data 
contained in the order. In addition to thi s , the prepunched 
eards contain codes which indicate which t yp e of order is 
being p roces s ed, lighting p roducts di~ision, elect ronic 
tubes, and so forth. These codes in t urn activate s p ecified 
punched t apes so tha t all orders cont ained on one tape are 
for one p roduct division. In thi s manner, much of the sorting 
is eliminated at ·t he billing point s. After every ten orders 
are completed in t h is manner, the tapes are delivered to the 
communication op er ator and the data transmitted t o billing 
cent ers. These billing cente rs are usual ly located at one 
of the r e l ay centers of the communication sys tem. After t h e 
data is p roces s ed at t h is l evel by divisions, it is then 
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transmit t ed to the data processing center. The data is then 
processed a t the center and the following information is 
obta ined:* 
1. Detailed information for : 
(a) Accounts Receivable and c redi t and 
collection informa tion. 
(b) Sales-Accounting entries. 
(c) Sales Statistics and Reports. 
(d) Inventory Cont rol and P lanning . 
(e) ~arehouse Scheduling. 
(f) Sales and District Office Performances. 
2. Source Information for: 
(a) Comp any and Division Market Research. 
(b) Division Production Planning. 
(c) Sales Forecasting and Budgets . 
As of this date, this project has not been 
completed in all i t s stag es but h as been successful in 
t hose areas where it has been implemented. 
CHAPTER VII ELiflC•rRONIC DATA ?ROCESSING AT THE 
MAJOR APPLICANCE DIVISI ON , GENERAL ELECTRIC COlfWANY 
A. The Company 
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The General Electric Company is one of the l argest 
manufactu ring and r e s e arch org anization s in the world, 
manufacturing a v ery wide line of p roducts ranging from 
elec t ric bulbs to gas turbines. The company, which is 
highly decentralized , is divided into t wenty-.five divisions 
which are further segreg ated by op e r a ting departments. At 
p r esent the re are approximately one hundred t wenty-five 
department s in op eration, each dep artment being r e s p onsible 
for the manufacturing of a given product. This comp any, 
like the Sy lvania Elec t ric Product s Company, firmly believes 
in decentralized management, and as such, holds the individual 
dep artment responsible for its specific op eration, each 
product dep artment having its O\lffi balance sheet and profit 
and loss sta tement. The management group o f these depart-
ments usually consists of a general manager and five 
as s istant managers who carry out the operating functions 
of the dep artment, namely, ma r keting , engine ering, manufa cturing , 
finance, and public and emp loyee relations . To accomplish 
all the diversified act i vities of the com~any , app roximately 
t wo hundred and t hirty t housand p ersonnel are employed.* 
While General El ectric's a pp roach to decent r a lized 
* 22, p 441. 
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manag ement coincides very closely to that of the Sylvania 
Electric Product Comp any, their ap9 lic a tion of ele c t ronic 
computers for data processing purposes has been entirely 
diff erent. Sylvania's basic ap~roach was that the eleQtronic 
data process cent er should be a centralized service function; 
being ti e d in by a communication system with all its decen-
tralized units. General Electr j_ c 's basic approach is that 
computer applications should be kept decentralized along 
with its decentralized mana gement policy. As such, the 
comp any has numerous data p roces s ing computer cen-IJers that 
are located either at the divisional or the departmental 
level. These centers were established t o function as a 
service for the operating unit. As such, their resp onsibility 
is to p rocess data needed b y the operating unit and would 
not take any of the actual decision making away from it. 
In this resp ect, the computer centers of both Sylvania ani 
General Electric are the same. As of this date, General 
Electric has eight larg e capacity computing systems and 
twenty-three medium size computers with delivery stated 
in the near future for six more large capacity systems and 
twenty-six medium capacity systems.* Approximately 50 per 
cent of these computers, however, are being used for 
mathematical computations rather than for business data 
processing. The computers being use d for data processing 
are usually the medium capacity size and are being installed 
* 7' p. 77 
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at the d epartmental level in keeping with their p olicy of 
decentralization. 
For purposes of this thesis, we will be concerned 
with the data proces s ing center of the Major App liance 
Division, Appliance Park, Louisville, Kent ucky. Th is was 
the first larg e system installed b y the compamy for the 
specific purpose of data processing. The Major Ap pliance 
Division is comprised of five sep arate d epartments which 
manufacture refrigerators, ranges and water heaters, home 
laundry equipment, electric sinks and dishwashers, and 
room air conditioners. These departments vary in size 
from a s few as seven hundre d to five thousand employees 
with total employment for the division being approximately 
twelve thousand. In keep ing with the company's policy of 
decentralization, each dep artment is considered as a 
separate unit and the manQgement in charg e is fully respon-
- . . 
sible for its opera tion. The d ata processing center at 
this division is a service dep art ment for the processing 
of dat a for t he five operating units. 
B. The Problem 
General Electric, like Sylvania, was concerned 
with the mounting cos t of clerical functions and also was 
intere sted in obtaining up-to-date and more accurate r eports 
for its operating personnel. The company is one of the 
leaders of the industry in the field of automation and as 
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such, beli eved that the same principles involved in f actory 
automa tion could be ap p lied t o data p rocessing. The d ecisi on 
t o acquire a Univac I was revolutionary to industry a s this 
was the first of t h is type of a system to be ac quisitioned. 
Being first in the industry created many p roblems as they 
h a d no guide or past experience to aid t h em. Realizing 
t h is, top manag ement decided on the acquisition of the 
comp u ter to s e e if they were feasible, and if so, t o g ain 
experience wh ich would aid them in establishing simila r 
centers in other divisions and departments of the comp any. 
In ordering their Univac I data p rocessing system, General 
El ectric not ohly became the first comp any to install this 
t yp e of s y s tem but also became the first to place a payroll 
job on an elec t ronic comput e r and the first to initia t e a 
p lan for an integrated d ata p roces s ing oper a tion utili z ing 
elec t ronic comput ers. 
C. Investiga tion 
Since they were the fir s t in the country to install 
a l arge size computer system, the preliminary invest igation 
required a more d etailed study t han would normally be re quired 
by most comp anies today. Before any real investiga tion could 
be made, it was first neces s ary to remove a numb er of mis-
leading conceptions tha t had been discouraging businessmen 
from accep ting computers. Four common concep tions tha t had 
to be cleared up were:* 
* 17, p. 102 
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1. Computers had to be operating twenty-four 
hours a day to eff ect any savings. 
2. The high operating costs of computers made 
them prohibitive for business uses. 
3. Only large companies could afford computers. ~/ 
4. Industry surveys indicated that- business -
computers were not practicable for business 
app lications. 
Most of these misconceptions were developed through 
rumors that were accep ted as truths, and the inability of 
some people to understand the true use and potential of 
computers. Through their informal investig ation and app roach 
of getting at the facts, the investigation team was soon 
able to discover that these misconceptions had no real 
backing. 
In obtaining the facts on possible computer 
applications, the investigation team educated themselves 
as much as they possibly could on computers. This education 
was obtained in a number of ways such a s attending courses 
offered by computer manufacturers which show both what to 
expect from their computers and how to operate them. 
Additional information was obtained by reading pertinent 
information on computers, conferring with management con-
sultants experienced in computers, and visiting computer 
manufacturer's busines s research personnel. 
After obtaining all available information on computers, 
10 0. 
the next step taken was to evaluate their own operations 
to determine what areas could be convert ed to computer 
application. This called for ex tensive examination of their 
present systems and procedures. Through this examination, 
it was det ermined that a master p lan would be needed to 
eff ectively evaluate the overall potential ap 9lications of 
computers. This master plan was designed in such a manner 
that areas in which computers coumd most easily be utilized 
were first set forth and then other areas which would n eed 
more extensive examination. Through the use of the master 
plan, a bet t er evaluation of the total potential use of the 
computer was obtained and a plan devised so that different 
applications could be converted step by step in a se quential 
manner that would blend itself in with the operating 
departments. This master plan was further designed to solve 
departmental problems in three ways:* (1) by minimizing the 
problem of communica tion among all functions of a depart-
ment and among depar tments of the division; (2) by permitting 
ma«imum use of common input and output data; and ( 3) by 
minimizing the number and complexity of reports. Through 
their initial evaluation, the investigation committee decided 
on four applications that could initially be converted to 
the computer; namely, payroll, material scheduling and inventory 
control, order s ervice and billing , and general and cost 
accounting applications. 
* 17, p. 102 
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After determining the feasibility of computers, 
it was next necessary to decide on the type of computer to 
acouire. To accomplish this, the four initial applications 
were p lanned and flow chanted. Through use of these p lans 
and flow charts, operating times were calculated for: 
(a) the computer, (b) input devices, and (c) output devices. 
In making these calculations, time was allowed for both 
normal operations and critical occasions, such as when 
deadlines for daily, weekly, monthly, and quarterly op era-
tions all fell on the same day. The data obtained from 
these calculations served as the basis for reviewing e quip-
ment. In evaluating equipment, the comp any limited its 
evaluations to computers that were actually on t he market 
rather than ones that were only in the drav.ring board stage. 
The review was further r estricted to reviews of comp lete 
systems which included a high speed, general purpose a lpha-
nu~eric tap e computer which had adequate input and output 
devices available, all from one comp any. Through the 
ini t ial survey, it was also ascertained that a large scale 
computer would be ne ede d_ to carry out the initial four 
applications and the other long range projects. These 
considerations reduced the number of computers available 
at the time to two computers, the Univac I and the I.B. M. 702. 
At that time the Univac I had been in s e rvice with the 
government and the I.B.M. 702 was n ot available. The 
General Elec t ric Comp any decided tha t the Univac I wa s the 
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computer to install. 
The last stag e in the investigation called for 
the selling of the program to management. This was 
accomplished in the following manner:* 
1. Showing how compu t ers can r e duce clerical 
costs through its speed at making computa tions, its ability 
to routinize ex ceptions, p e rform sequential operations, and 
the pos s ibility of mechanizing new areas through advanced 
statistical methods, linear programming, and operations 
research. 
2. The orientation of all management in computer 
opera tions and its p ossible use as a management tool. 
3. Offering initial applications to all manage-
ment functions. The four ini t ial app lications of the center 
would be of interest to the financial, marketing , and manu-
facturing functions of the dep artments. 
4. Stimulating and encouraging management to 
think of add itional information they would like to have to 
opera te their business more effectively. 
5. Weaving the initial and subsequent app lications 
into an integrated manag ement control system. 
D. The Center 
The data processing center of the Major App liance 
Division is loc a ted right at App liance Park, Kentucky, and is 
* 17, p. 101 
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under the direction of Mr. G. M. Sheehan, Manager of Finance 
in the Home App liance Department. The center utilizes the 
Univac I data p roces s ing system and is a service group far 
the operating departments. It differs from the Sylvania 
Center in two basic ways: (1) no large scale communicati®n 
system is reauired as all the operating departments it 
services are located at Appliance Park, and (2) it is under 
the dire ct supervision of one of the production dep axtment 
mana gement group r a ther· than being comp letely automomous. 
The center i t s e lf was established to aid manag ement in the 
same way as the Sylvania center but on a divisional rather 
than a comp any-wide basis. 
E. Present and Future Uses of the Center 
--- ---- -- ---
As stated previously, the various a pp lications 
of the center were developed as part of the master p lan. 
Under this p lan, all app lications being presently worked 
on at the center are considered a s p art of a coordinated 
overall plan which will permit the maximum use of input and 
output data. The long range goal of the plan is the develop -
ment of an integrated management control system. This 
system would utilize information from market analyses and 
sales projections to report to man3..g ement the gene:r:-al trend 
of retail sales in all areas of the country. This information 
combined with the other business a pplications of the center, 
such as budgeting , production control, mat erials control, 
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cost and general accounting , and so forth, will ·give 
manag ement more effective tools to control both s a les and 
production facilities to insure their maximum use. With 
this idea of the ul t imate objective of the center, let us 
now exa~ine s ome of the app lica tions presently being proces s e d . 
As indicated in the master plan, the first area 
of initial a p plication was the p ayroll. In deciding on 
this area for the first ap:plica tion, there wa s one factor 
• 
that contributed v ery heavily. At the time of the ins t alla-
tion of t he Univac I sys t em, App liance Park was s till in 
t he p roces s of construction with only t hree of the five 
opera ting departments housed there. The l a r gest department 
being still located at the Erie iNorks of the Com~) any, By 
converting the payroll s y stem prior to the t ime of their 
arriva l, any reduction in clerical help woul d be offset 
by the need for nev1 p ersonnel when this department arrived. 
Thus the transition could be comp leted with a minimum of 
bad feeling s among employe e s. 
Since the p ayroll conversion was the first 
application of the center and the first to be done in the 
industry, a description of the procedure used will be given 
to show the magnitude of the job. It must be remembered 
that since this wa s l:ihe first a pplication in the industry, 
the company had no clear cut system or guide post to follow. 
Much advice was obtained, however, from the Arthur Anderson 
Company and the initial system was programmed by both their 
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personne l and General Electric p ersonnel. In converti~g 
the payroll system ove r to t h e computer, t he normal p ayroll 
functions •Nere still left with the dep artment a l payroll 
section. The c enter was concerned with the p roce ssing of 
the p ayroll from the initial records to the preparation of 
the pay checks and neces s ary repor ts. Aft e r the pay checks 
have been printed, they are then r eturned to t h e depart-
mental payroll section to be distributed to the personnel. 
1m. idea of t h e comp lexity of this operation can 
be gained when it is realized t h at t here are approximately 
twelve thousand employees at the center. These employees 
can be paid by one of three methods: (1) day work, (2) 
individual incentive, and (3) group incentive. It is p ossible 
for one emp loyee to work under these thre e methods in the 
cours-e of a week. In addition, c a lculations must be made 
for shift diff erentials, overtime premiums , and special 
payments such as suggestion a wards and vacation and holiday 
pay. To ana lyze t h is area and convert i t to computer opera-
tions, a p lanning group was established. This group consisted 
of a nucleus of six men, four from the Business Pro4edure 
Section of the division and two from the consultant firm. 
To survey the problem, the payroll function was 
divided into the following categories with personnel being 
assigned to a s p ecific category: * 
1. Day work and individual incentive 
* 9, p. 19 
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2. Group incentive. 
3. Computation of gross p ay, including premiums 
and all items of miscellaneous p ay. 
4. Computation of net p ay including the computation 
of all p ertinent taxes and the collection of 
deductions. 
5. A general study of the required reports to 
se e if any change s would be neces s ary. 
The planning group then carefully studied the 
existing system in each dep artment to learn a ll the re quire -
ments that would be necessary in the hew system. After the 
survey was comp leted, a dditional help was s ummoned to help 
in flow charting and programming the new system. All this 
work was done in close conjunction with personnel.cfthe 
dep artmental payroll concerned, who had the authority to 
app rove the work and set t le questions that might arise. 
Under the system being used for the computer, job 
tickets are prepared for each job p erformed by individual 
piecework and a group production sheet is prepared for work 
p erformed on a group basis. These job tickets and group 
production sheets are submitted daily to the departmental 
payroll section. Here the documents are checked for these 
entries and then forwarded to the data proces s ing center 
for processing. Here the data is keypunched, verified, 
balanced to controls, and then converted to magnetic tapes 
for computer processing . 
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In the computer, the group production data is 
matched a gainst a group standard f i le, a lso on t a ) e. This 
group standard file contains the price per 100 units to be 
paid for each drawing numb er on which each group may work 
and also a breakdown of the p rice between s tandard and 
actual labor cost and any extra cost allowances that may 
be included. From these tap es, the amount earned b y each 
group for the day's production is comput ed and added to a 
weekly accumulations store d on the tape. In addition to 
this, tapes are also prepared showing the amount of a p p lied 
l abor chargable to each drawing number, the amount of other 
l abor cos t s, and the daily eff iciency of each group. Any 
group production r eported for which there is no drawing 
number in t he group standard file is rej ected to be reviewed. 
The individual job ticke ts are first matched with 
a tape on which appears the employee number and rates of 
each hourly rated e~ployee on the payroll. Any j .ob ticket 
which cannot be matched is automat ically rejected and an 
error list prepared. The job tickets are also coded so that 
the computer can tell if the job concerned was on incentive 
~· day work. If t h e job is piece work, the units p roduced 
time s the p iece rate is multiplied to obtain the earnings. 
Conversely if the j ob was done a t day rat e s, the hour s sho\~ 
on the ticket are multiplied by the employee' s rate to compute 
his base pay. The amount earned is then record ed on the base 
pay output tape. Additional tapes are also made for the 
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amount of app lied l abor and other l abor. Aft er a ll job 
ticke ts and group incentive s heet s have been p roces sed, the 
ap -plied labor output tapes from both groups are matched 
agains t a standard file tape. In t h is way, the charge 
ap -,;:> lic able to standard app lied l abor a nd to design and 
p lanning are separated and the inventory can be charg ed 
with the correct amount of labor. 
On a weekly basis, the following data proc e s s ing 
activitie s occur. The weekly group sheets, those tha t list 
the indi viduals in e ach group, are p unched and converted 
to t apes . This tape i s then u sed in conjunction T ith the 
accumul a tion tape from the last daily processing for the 
week t o compute the eff iciency of the s roup . The 5 roup 
effj_ciency rating is t h en multip lied by t h e r a ting of each 
empl oyee to obt a in his adjusted rate. This ad justed r a te 
is then mult i p li ed b y the time he worked in the part icular 
group to g et h is earning s from the group . 
Also on a weekl y basis, a ll clock cards for 
hourly and non~exempt sal a ried emp loye e s are verified for 
the employee number and othe r c odes. At the same time, all 
miscellaneous payroll data, such a s p rior pe riod adjustments , 
special p ayment vouchers, and vac a tion voucher s are entered 
into the s ystem and tested for validity. The c lock c ards 
of hourl y emp loyees are segreg ated onto a separate tape which 
i s then merged with the tapes containing their earning s from 
one g roup participation, individu al incentive, and day work. 
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The hours which appear on the clock car d for each employee 
are checked a g a inst his groupwork and job ticket hours for 
control purpose. Aft e r verification, the bas e p ay is then 
computed. After determining the bas e pay of the individual, 
computations are made for v a cations, a d justments, premium 
bonus, and any other additions to arrive at the gross p ay. 
Personnel that a r e on a salaried bas is have their earnings 
comput e d at this time also. Once the gross p ay is determined 
for all emp loyees for a given p eriod, numerous rep orts are 
made u p from the tape s . Included in these rep orts are: 
(1) earning registers which list all the items included in 
the pay of an employee for a we ek , (2) rep orts of l abor costs 
b y accounts. Thes e accounts are b a l an ced ag ainst the a ccrued 
payroll and are also kept on a cumulative tape for p osting 
to the journa l entrie s at the en d of t he month. 
The fina l stage in the p roces s ing of t he payroll 
come s 1.vh en the gross to net computa tions a r e made. During 
this proc e s s ing stage, all Federal and state withholding 
taxe s are computed, social security is withdr awn , and other 
deductions s p ecified by the employee. The p ayroll register 
and the pay che cks are then printed on the high speed printer ~ 
a~- deductions app ear on both the pay chec k stub and in the 
payroll re gister. The p a y checks c an then be turned over 
to p ayroll sections of the departments for whom they belong. 
Since the payroll dat a is being transmitted from 
the :9ayroll sect i on to the cent er and then back again, it is 
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neces s ary to have cont rols over the data at all times. 
This is accomplished in the following manner. Nhen informa-
tion is received at the center, a batch identification number 
and control totals are entered in a log book by a control 
clerk. The information is then converted to punched cards 
and are b a lanced a gainst a control c ard on a punched card 
accounting machine. When the cards are to be converted to 
tape, a tape total card is included. Vlhen the tape i s run 
on the computer, the first operation is to check the infor-
ma tion on the tape against the control total. In this manner 
information is controlled from the time it is received at 
the center until it starts being processed by the computer. 
In addition to this payroll application, the data 
processin!!?; center is also being used for a number of other 
activities: 
1. Material Control - The second project in tbe 
initial conversion p lan has also been carried out successfully 
b y t he processing center. Through use of the center, material 
control rep orts are p r epared on an up-to-date basis showing 
both overag e and shortage information b y individual item 
number. One of the most impressive uses of the computer 
in this app lication has been in the "explO.sion" of a production 
schedule into detailed mat erial requirements by day s and 
weeks for any given period. A twenty week p roduction schedule 
for t wenty-four models, with 500 purchased parts and 350 r aw 
material items can be complet;ely evaluated in terms of a 
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specified schedule in a pproximat e ly t wo hours.* 
2. General and Cost Accounting - This ap p lication 
uses the output from cos t distribution, s a les, cost of sales, 
and so forth as input. Thes e are combine d with other account-
ing entries to produce the g eneral and special ledgers, rep orts, 
balance sheets, and operating statements. At the present 
time, the center is being used for the prepar at ion of profit 
and loss sta tements, balance she ets, and expense statements. 
Under t h e old syst em, these r eports were not available to 
mana gement until approximately two weeks after the clo s e of 
the p eriod. With the use of the Univac I, this time has 
been cut in half. 
3. Customer Order and Billing - This a pp lication 
involve s the processing of orders received from distributors 
to p r epare shipp ing schedules, combine les s than car load 
ord ers on single departments into consolidated car shipments, 
and prepare invo i ce, sales, and cost of sales accounting 
entries. This op era tion is still in the conversion stage. 
4. Marketing - The center is now being used to 
obtain information with regard to the current sta tus of 
both sales and inventories. Th i s is obtained for all levels 
of distribution and is segregated for each of six sales regions 
in the country for t he entire year. In addition, estimated 
unit sales are b e ing predicted by an extrapolation technique. 
This t echnique takes into consideration all desired VE~iables. 
* l, p . 296 
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It is this type of information that h a s never been available 
before but shows the greatest possible intangible savings 
in the computer. 
5. Budgets and Operating Forecasts - In this 
app lication, the operating department f urnishes the data 
process ing center with all the basic information concerning 
manufacturing costs on all levels of production for all 
models. ~~en given a prop osed operation with an estimated 
sales quantity, the computer is able to evaluate the 
proposed p l an and the profit and loss stat ement that would 
incur from the use of this plan. 
11 3 . 
CHAPTER VIII CONCLUSIONS 
The first major conclusion that can be drawn from 
this evaluation of electronic data processing centers is that 
t h ere is a definite place for them in the electrical products 
industry. The increase in the number of clerical helpers 
employed and the corresponding increase in the cost of handling 
data is not confined to the two companies evaluated but is a 
problem that is common to most companies in the industry. 
Furthermore, the volume of data to be handled will tend to 
generate more and more as our standard of living increases, 
our population increases, and our economy becomes even more 
industrialized. Electronic data proces s ing computers with 
their extremely high speeds are the means by which much of 
this increased data handling can be accomplished without too 
great a corresp onding increase in cost. At the present time, 
computers are used mainly for the processing of routine data 
such as p ayrolls, inventories, sales, and so forth. As more 
becomes kno•Nn of their true capabilities, many more business 
app lications can be adapted to their use thus increasing their 
value to the industry. In addition to their application o.f 
processing data at reduced costs, computers will also be 
an aid to management in providing them not only with more 
up-to-date reports but also with information wh ich they did 
n ot have access to previously. For these reasons, it can be 
readily se en that the data p roces s ing computers can be a great 
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asset to the electrical products industry. Unfortunately, 
however, the high cost of the computer makes it prohibitive 
for many small sized companies to utilize them at the present 
time. Much research work is being done, however, in the 
development of low cost computer systems and they should 
be available in the not to distant future. 
Electronic data proces s ing will also have a large 
eff ect on office organization and the systems and p rocedures 
of the firms involved. vVhen an electronic data center is 
installed b y a firm, many of the clerical data proces s ing 
functions p erformed at the various departmental levels of 
the company are transferred to the center. This has two 
overa ll eff ects - tha t of relieving the supervisor of much 
of his routine clerical resp onsibilities and reducing the 
number of people employed in that department. The depart-
ment head is still resp onsible for the opera t i on of his 
unit and utilizes the center for proces s ing routine data. 
By doing this, the dep artmental or unit hea d h a s more time 
to devote to running his operation. This new procedure, 
while good in its overall application, has brought about a 
number of new problems. The most important one is tha t 
many people do no t trust making decisions on information 
that was compiled by them but which is now p roces s ed by a 
separate unit over which they have very little jurisdiction 
and at the same time h aving some of their resp onsibilities 
taken away. To overcome this natural tendency requires 
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excellent liaison betwe en the operating unit and the center 
and also a very close system of control over the data to 
insure that nothing is lost from the time it leaves, while 
it is being proces s ed, and until it is returned in finished 
form. Another major p roblem that arises is that of unemploy-
ment f or the displaced person. In order for the system to 
justify itself, it must be able to reduce cost s in o ther 
areas. At the same time the company must be careful how it 
handles this situation or a very serious personnel problem 
can result '.vhich could offset the advantages of the computers . 
To solve this problem, many comp anies adopt the p olicy that 
no p erson will be laid of f due to the computer. Those p eople 
whose functions are eff ected by the computer are transferred 
to different j obs and the personnel department is notified 
not to hire any new additional help. As employees leave 
the firm through the natural attrition rate, they are replaced 
when p ossible by the personnel replaced by the computers. 
By using this method, the company will have a surplus of 
labor for a relatively short period of time, but it will 
eventually work itself out. It is difficult t o eva~uate 
just exactly how much eff ect electronic computers will have 
on office employees at this early date in their development 
but it is already a topic of much discussion. 
The - ele ctronic Elata p rocessing center, to be 
effec tively utilized, will have a larg e eff ect on the systems 
and p rocedures of the firm involved. One of the basic p rincip les 
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of t h e compu ter i s that of a common language medium through 
t h ich the data can be interpreted and proces s ed. This means 
tha t the comp anies' present method of processing dat a will 
have to be converted over to a common languag e medium with 
absolute control over the data. Since the data proces s ed 
b y the computer can be only as accurate as t h e data furnished, 
i t i s also imperative t hat source data be accurately transcribed 
to the common language medium. Many peop le feel that t h e 
real challange in electronic data process ing is in the field 
of systems and procedures where it is necessary to evaluate 
the overall and specific p rocedures being used by a firm and 
then convert them over t o be adap table to the computer. It 
must be remembered that the computer is nothing better than 
a very high speed calculator which can make a few very basic 
decisions. Their full p otent ial can only be realized through 
c a~eful planning by computer personnel. System and procedures 
analysis is one of the first steps neces s ary to convert an 
app lication to computer processing . 
Whether or n ot a company should have one centralized 
computer center for all i t s manufacturing p lants and dat a 
offices, such as at the Sylvania Electric Products Company, 
or have a number of them located at the divisional or p lant 
level, such as at t he General Elect ric Company, Inc., depends 
on the need of the individual company concerned. One of the 
major problems that is brought about through the centralization 
of a ll comp uter app lications is communications. This p roblem 
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is t wofold in n a ture, t h a t of cost and that of control. 
Wh en a company has i ts manuf a cturing activities divers i fied 
in many sections of the country, the cost of tieing them all 
into one center can be as h igh a s the cost of the center 
itself. In the case of the Sylvania Electric Products Company 
their individua l manufac t u r ing unit was comp aratively s mall 
i n si z e mrucing i t almost impos s ible for them to j us t ify the 
e f f ec t ive use of a computer for each install a tion. In this 
p articular case the cost of their communication system was 
more t han justified. \Vhether they should have tied in all 
t heir p lant s to one center or h ad a number of centers in the 
v a rious areas where their p lants are mostly located i s a 
highly debatable question and bring s us to the second major 
problem concerned with communication - that of control. As 
has been s t ated before, the computer can only be as accurate 
as t he raw information wh ich it has to act on. The f urther 
t h i s data orig inates from the computer center the greater 
becomes the problem in insuring that all the dat a is received 
and unalt ered. If mistakes are found in the original dat a , 
it is also more costly and time consuming to have it veri f ied 
by t h e origina ting unit located many miles away . As long as 
there is the human element involved in making up the original 
data, there is bound to b e a certain number of mistake s made, 
and t he f u rther this unit is away from the center the more 
diff icult is t h e task of verification when neces s ary. This 
problem is also on hand at the opera ting uni t when it receives 
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it s finished rep orts . Many times they will want v erification 
as to the accuracy of certain items and again the further 
the center is away the more difficult it is for them to 
get the desired information. For a center to function as 
a service center for information for the other units of a 
company, it is imperative that there be an unlimited two-
way communication system. These p roblems should be carefully 
evaluated before a company decides on any policy of either 
decentralized or centralized locating of their computers. 
If a company's basic reason for installing a computer system 
is to advise top management, then the centralized approach 
is most likely the best. If the main concern is to give 
the various operating units additiona l and more up-to-date 
information, then the center should be located as close to 
the using uni ·IJ as possible. 
Before installing any electronic data processing 
computer, the company should be very careful to first 
evaluate its ) resent systems to determine areas that computer 
applications would be feasible. In doing this, the company 
should try to evaluate as closely as possible the potential 
savinf!gs both in time and cost that a computer could possibly 
perform this same function. By determining both the areas 
of app lications and an estimate of the work load involved, 
the company concerned will be able t o better determine the 
size of the computer thac can best fit its needs. While 
conducting this study the comp any should also include both 
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the long rang e p otential applications and the expected normal 
incr ease in t h e growth of the firm which will generate the 
volume of data to be p rocessed. Just what t ype of computer 
is best for any one company a g ain depends on the n e ed of 
the particul a r comp any involved and will vary according to 
the si ze of the company, its organization, number, and 
location of p lants, p roduct clas s ifications, and p rocess of 
manufacture. It is imperative, however, that a thorough 
f easibility study be conducted prior to the purchase and 
insta llation of a comput er. The lowest cost computer is 
no t n eces s arily the lea st expensive if it cannot perform all 
t h e functions which c an be adap ted to the computer. 
In conclusion, there are a number of guideposts 
and rules which a comp any can follow in p lanning, insta lling , 
and op era ting a computer cent er. The following guides, which 
s ummarize the exp erience gained b y the Genera l Electric 
Comp any in installing its system, will be an aid to anyone 
p lanning to enter thi s field. * 
1. Enlp_;_l.oy a compe tent consultant. 
2. Limit are~s of ini t ial app lication. 
3. Choose areas whe r e there is a high pro~ottion 
of routine cl erical effort and wher e tabul a ting equipment 
applications are already present. 
4. Use the concept of a data p roces s ing center. 
5. Limit equipment review to complete systems 
* 17, p . 107 
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available or soon to be available. 
6. Ge t a system - not just a computer. 
7. Start with the most versatile and expensive 
e quipment and work down. 
8. Se lect the right person to head the p rogram 
and m~~e ample capable syste~ and p rocedures p eople avail-
able for the re quired time. 
9. Sell management on this prac t ical appro ach. 
10. Interest management and supervision on the 
possibilities of i mproving o~ erations through development 
and installation of long range and well integrated p lans. 
Electronic data processing centers can be an 
eff ective tool to aid management in making decisions and 
reducing clerical costs, but it must be thoroughly evaluated 
before being installed. 
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